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IRRIGATION  TRIALS 


IN  THE  SOUTHWEST  REGION 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
REGION  6      ALBUQUERQUE,  NEW  M€-X+0©~ 
M-352 


TILLAGE  COMPACTS  THE  SOIL 


I  cu.ft.  surface  soil 
weighs  90  lbs. 


I  cu.  ft.  tillage  pan 
weighs  87  lbs. 


OCTOBER  1948 
CULTIVATED  16  TIMES 


ESPECIALLY  WHEN  MOIST 

(DURABLE  BALL) 


I  cu.  ft.  surface  soil 
weighs  79  lbs.  irrigation 
intake  rate  7.0  in/hr. 


I  cu.  ft.  tillage  pan 
weighs  84  lbs. 


MARCH  1949 
CHISELED  AND  PLOWED 


I  cu.  ft.  surface  soil 
weighs  85  lbs.  irrigation 
intake  rate  1.8  in/hr. 


I  cu.  ft.  tillage  pan 
weighs  88  lbs. 


''// 
'/// 
'//\ 


ROSWELL  SOIL  CONSERVATION  DISTRICT 


JUNE  1949 
CULTIVATED  6  TIMES 
AND  IRRIGATED  ONCE 


DEEP  MEDIUM  TEXTURED  SOIL 
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Introduction 


In  19h5,  the  author  began  to  make  irrigation  trials  at  the 
Albuquerque  Nursery  in  connection  with  grass  seed  produc- 
tion problems.    Problems  of  fertilization  and  production 
were  related  to  differences  in  soil  units.    We  needed  to 
know  how  much  water  was  required  to  bring  the  root  zone  of 
different  soils  to  field  capacity  and  how  fast  water 
entered  the  different  soils.    How  did  these  data  relate  to 
leveling  practices  and  irrigation  layout? 

These  studies  were  later  extended  to  other  parts  of 
New  Mexico  as  well  as  Colorado,  Utah  and  Arizona  in  order 
to  relate  the  data  to  similar  soil  units  in  these  states. 
This  report  covers  the  field  work  for  seven  years,  con- 
ducted by  the  Regional  Office  of  the  Soil  Conservation 
Surveys  Division  of  the  Branch  of  Operations,  in  coopera- 
tion with  the  Albuquerque  Nursery,  Tucson  Nursery, 
Regional  and  State  Offices  and  a  number  of  work  groups  in 
Region  6.    Laboratory  analyses  were  made  by  the  coopera- 
tive Soil  Conservation  Service  Laboratories  and  the 
Regional  Soils  Laboratory.    The  author  gratefully 
acknowledges  the  cooperation  of  more  than  one  hundred  Soil 
Conservation  Service  technicians  in  the  87  border  irriga- 
tion and  37  furrow  irrigation  trials.    Detailed  soil 
moisture  studies  were  made,  before  and  after  irrigation 
in  78  trials.    Detailed  volume  weight  studies  were  made  at 
$0  sites.    At  most  of  these  sites  core  intake  rates  of 
several  soil  layers  were  determined. 

The  Division  of  Irrigation  of  the  Soil  Conservation 
Service,  the  State  Experiment  Stations  and  other  agencies 
have  conducted  irrigation  trials  for  many  years.  Many 
valuable  contributions  have  resulted.    Nevertheless,  we 
still  need  to  know  how  to  project  the  data  in  relation  to 
the  operations  program  of  the  Soil  Conservation  Service. 
This  report  may  serve  as  a  guide  until  more  detailed 
information  is  available. 
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Summary 


Eight  textural  separations  and  13  types  of  geologic  or  underlying 
material  have  been  grouped  into  five  different  readily  available 
moisture  values.    Some  of  these  values  for  the  surface  foot  are 
2,1  inches  per  foot  for  medium  to  fine  textured  soils,  1.2  in/ft 
for  moderately  coarse  textures  and  .7  in/ft  for  clean  sands  and 
gravel  with  coarse  textured  material. 

Field  capacity  values  within  textural  separations  were  independent 
of  volume  weight  when  expressed  on  a  volume  basis.  Field  capacity 
values,  inches  per  foot,  are  given  for  each  textural  separation. 

The  ball  test  appears  to  be  the  most  practical  method  of  estimat- 
ing readily  available  moisture  in  medium  to  fine  textured  soils. 
Clues  are  given. 

Moisture  use  values  during  rapid  growth  of  alfalfa,  expressed  in 
inches  per  foot  for  the  0-5>  foot  depth  (MUD)  can  be  used  to  sub- 
group soil  units,  to  determine  maximum  land  use  capability,  and 
as  an  aid  in  designing  irrigation  layouts  for  the  maximum  depth 
of  water  required. 

Moisture  use  values  during  rapid  growth  of  row  crops,  small 
grains  and  grasses  (MUS)  are  presented  for  the  0-3  foot  depth  for 
different  textures  and  materials.    Such  values  are  helpful  in 
designing  irrigation  layouts  for  the  minimum  depth  required  per 
average  irrigation  for  these  crops. 

Three  degrees  of  compaction  (volume  weights)  have  been  proposed, 
based  on  permeability  data  and  irrigation  intake  rates.  The 
limits  of  compaction  are  similar  for  medium  silty  to  fine 
textures  but  are  different  for  the  remaining  textural  classes. 

Compaction  decreases  the  volume  of  temporary  storage  and  increases 
the  depth  of  soil  required  to  store  temporarily  average  irriga- 
tions.   At  l/ii  readily  available  moisture,  layers  limiting  intake 
rates  during  three  inch  irrigations  in  firm  soils  occur  within  the 
surface  foot  and  within  the  0-2  foot  depth  for  five  inch  irriga- 
tions.   In  contrast,  layers  limiting  intake  rates  may  occur  at 
appreciably  greater  depths  in  compact  soils  than  in  firm  soils, 
especially  in  the  moderately  fine  and  fine  textured  soils* 
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The  degree  of  compaction  of  the  limiting  layer  in  the  surface 
foot  is  one  of  the  most  important  factors  influencing  average 
irrigation  intake  rates  within  a  textural  class.    Tillage  by 
farm  machinery  may  either  increase  or  decrease  intake  rates, 
depending  upon  the  moisture  conditions  present.    In  terms  of 
inches  per  hour,  tillage  changes  intake  rates  more  in  stable 
soils  than  in  unstable  soils.    However,  tillage  can  change  appre- 
ciably the  length  of  time  required  to  irrigate  unstable  soils • 

Wide  variations  in  average  irrigation  intake  rates  preclude  the 
use  of  texture  alone  in  estimating  intake  rates.    The  widest 
spread  occurred  in  medium  textured  soils  containing  less  than 
h0%  silt,  and  the  narrowest  spread  in  medium  textured  soils  con- 
taining more  than  h.0%  silt  and  less  than  3%  organic  matter,  3. 
The  3  soils  usually  have  intake  rates  of  less  than  one  inch  per 
hour  and,  frequently,  less  than  .S>  in/hr  if  they  slake  with  less 
than  10  drops  of  water.    In  general,  differences  in  compaction, 
number  of  effective  pores  and,  to  a  lesser  extent,  stability, 
cause  wide  differences  in  intake  rates  within  the  other  textural 
separations . 

Alkali- affected  soils  are  unstable  and  have  low  irrigation 
intake  rates. 

The  range  in  readily  available  moisture,  0-3/Uj  present  prior  to 
irrigation  was  a  minor  factor  affecting  both  border  and  furrow 
irrigation  intake  rates • 

Field  methods  are  given  for  estimating  volume  weight,  stability 
and  for  separating  medium  textured  soils  containing  more  than 
k0%  silt  from  those  containing  less  than  k0%  silt. 

Although  procedures  are  given  for  satisfactorily  predicting  ir- 
rigation intake  rates  using  core  intake  rates  from  Uhland  cores 
and  storage  values,  core  intake  rates  have  been  of  more  value  in 
locating  layers  which  limit  irrigation  intake  rates. 

Three  irrigation  intake  rate  classes  are  proposed:  slow  0.0  - 
1.0  in/hr.,  moderate  1.0  -  2.5  in/hr.,  and  excessive  more  than 
2.5  in/hr.    Clues  are  given  for  grouping  soils  by  intake  rate 
classes;  suggestions  are  given  for  irrigation  trials  suitable 
for  determining  the  correct  intake  rate  class. 

Eliminating  surface  waste  water  resulted  in  an  average  irriga- 
tion efficiency  of  Ql.%  for  21  border  irrigations  at  the 
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Albuquerque  Nursery.    Deep  percolation  losses  are  not  only  seri- 
ous on  soils  with  MUD  values  of  3.0  -  3.9  inches  moisture  but 
may  be  serious  on  soils  with  MUD  values  of  £.0  -  6.0  inches. 
The  minimum  depth  of  water  that  will  adequately  cover  an  area  is 
primarily  determined  by  the  intake  rate.    Recognition  of  both 
the  correct  intake  rate  class  and  the  volume  of  moisture  required 
to  fill  the  root  zone  are  essential  in  reducing  deep  percolation 
losses. 

The  highest  degree  of  leveling  is  required  on  soils  with  intake 
rates  of  less  than  1.0  in/hr.,  in  order  to  obtain  uniform  pene- 
tration of  moisture  and  efficient  use  of  water.    Less  refined 
methods  are  required  for  soils  with  higher  intake  rates  but, 
even  here,  uniform  cross  slopes  and  the  elimination  of  high 
spots  are  important  for  adequate  water  penetration.    Whether  the 
grade  is  ,1  or  .3%  appears  to  be  of  less  significance  than 
elimination  of  high  spots. 

Suggested  lengths  of  borders  for  high  irrigation  efficiencies 
and  uniformity  of  penetration  by  intake  rate  classes  and  classes 
of  moisture  use  (MUD)  are  presented. 

At  least  two  groups  of  soils  should  be  recognized  in  setting  up 
maximum  allowable  streams  for  furrow  irrigation  by  per  cent  of 
slope. 


1. 


READILY  AVAILABLE  MOISTURE 


Definition;    Our  soil  moisture  studies  in  both  semi-arid  and 
arid  areas  show  that  most  crops  exhibit  symptoms  of  stress  or 
wilting  when  appreciable  quantities  of  available  moisture  still 
remain  in  the  subsoil  and  substratum.    Although  this  moisture  is 
important  for  survival,  growth  is  retarded  and  ceases  well  above 
wilting  point.    Thus,  readily  available  moisture  is  the  volume 
of  moisture  expressed  as  inches  depth  of  water  per  foot  depth  of 
soil  between  field  capacity  and  the  level  at  which  plants  with 
mature  root  systems  begin  to  show  stress. 

Laboratory  Methods ;    The  lower  limit  of  readily  available  mois- 
ture is  appreciably  above  wilting  point.    Blair,  Richards  and 
Campbell  (l)  found  that  the  growth  of  sunflowers  was  markedly 
reduced  at  moisture  contents  considerably  above  the  permanent 
wilting  percentage.    Furr  and  Reeve  (8)  found  that  an  average  of 
20%  of  the  available  moisture  is  held  within  the  wilting  range. 
Wilting  point  values  are  not  satisfactory  for  estimating  the 
lower  limit  of  readily  available  moisture.    Instead,  wilting 
point  values  indicate  the  lower  limit  of  moisture  available  to 
plants  for  survival. 

The  upper  limit  of  readily  available  moisture  is  often  estimated 
in  the  laboratory  by  determining  the  moisture  equivalent.  Mois- 
ture equivalent  values  are  similar  to  field  capacity  values  for 
most  medium  and  moderately  fine  textures.    Moisture  equivalent 
values  are  appreciably  below  field  capacity  for  moderately 
coarse  and  coarse  textures  and  are  often  too  high  for  fine 
textures.    Peele  and  Beale  have  recognized  this  and  developed  an 
equation  (llu)    Richards  and  Weaver  (1$)  have  shown  that  the 
amount  of  moisture  retained  at  field  capacity  is  similar  to  the 
amount  of  moisture  retained  at  one-third  atmosphere.  However, 
for  coarse  textured  soils  i.  the  Bureau  of  Reclamation  (12)  at 
Yuma,  Arizona,  has  found  that  l/lO  atmosphere  is  comparable  to 
field  capacity.    Although  such  laboratory  data  are  helpful, 
we  also  need  actual  field  determinations  of  soil  moisture  in 
many  areas  before  we  can  use  laboratory  data  with  assurance. 


1  The  term  coarse  will  be  used  instead  of  light  texture  and, 
likewise,  fine  instead  of  heavy  texture,  in  order  to  avoid 
confusion  when  discussing  compaction* 
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Field  Method:    To  determine  the  lower  limit  of  readily  available 
moisture,  we  obtained  the  volume  of  moisture  present  by  one  foot 
depths  at  18  locations  just  before  irrigating  fields  occupied  by 
crops  with  mature  root  systems.    Previously,  the  crop  had  been 
showing  stress,  usually  from  one  to  three  days,  in  the  afternoon. 
Either  the  root  zone  had  been  brought  to  field  capacity  during 
the  preceding  irrigation  or  we  excluded  those  depths  where 
inadequate  penetration  occurred. 

The  upper  limit  of  readily  available  moisture,  field  capacity, 
was  determined  by  taking  soil  moisture  samples  two  days  after 
irrigation  near  the  same  18  locations  sampled  prior  to  irriga- 
tion.   Although  field  capacity  has  been  defined  by  some  as  the 
volume  of  water  retained  by  the  soil  after  gravitational  water 
or  free  water  has  drained  away,  this  is  not  literally  practical. 
In  well  drained  soils,  nearly  all  of  the  free  water  has  drained 
downward  out  of  the  root  zone  within  a  period  of  two  days.  If 
one  delays  longer,  consumptive  use  of  capillary  moisture  will 
more  than  offset  the  loss  of  free  water.    Therefore,  the  field 
capacity  values  reported  were  taken  two  days  after  irrigation. 
In  Table  1,  values  of  average  readily  available  moisture  for 
the  surface  foot  are  given. 

Texture  affects  readily  available  moisture :    Although  texture  is 
the  primary  factor  affecting  the  volume  of  readily  available 
moisture,  medium  to  fine  textures  have  similar  readily  available 
moisture  capacities.    Based  on  26  irrigation  trials,  the  average 
readily  available  moisture  capacity  of  medium,  moderately  fine 
and  fine  textures  was  2.02  *  ,06  inches  per  foot.    The  standard 
error  of  *  .06  means  that  two-thirds  of  the  individual  values 
occurred  between  1,96  and  2.08  inches  per  foot.    The  average 
values  by  texture  are  as  follows:    fine  2,2,  moderately  fine 
2.0,  medium  (h0%  silt  plus)  2.1  and  medium  (0-35$  silt)  1.9 
inches  per  foot.    These  values  were  derived  from  the  surface 
foot.    Owing  to  variations  within  texture,  separate  mean 
values  do  not  appear  to  be  justified  at  this  time.  Likewise, 
we  have  retained  the  value  of  2.1  inches  per  foot  in  Table  1 
for  medium  to  fine  textures,  which  was  reported  in  Regional 
Bulletin  106,  (U). 
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Table  1:    Readily  available  moisture  and  field  capacity  express- 
ed as  inches,  depth  of  water  per  foot,  depth  of  soil 
by  textures  and  kind  of  materials: 


Average  Readily 

Field 

Capacity 

Texture  or  Material 

Available  Moisture0 

Average 

Limits 

1  Pine 

2.1 

5.0 

a. 7 

-  5.5 

2    Moderately  fine 

2.1 

U.o 

3.3 

-  a. 6 

3    Medium  (h0%+  silt) 

2.1 

3.7 

3.U 

-  a. 2 

3    Medium  (0-39%  silt) 

2.1 

3.2 

2.7 

-  a.o 

k    Moderately  coarse,  03 

Gravelly  medium 

1.2 

2.2 

1.7 

-  2.7 

5  Coarse 

1.0 

l.o 

1.5 

-  1.3 

03  Very  gravelly 

.7 

1.3 

o 

i  c; 
±o 

Kind  of  Material: 

H    Gravel  and/or  cobble 

with  medium  texture 

1.2 

2.2 

1  7 

O  7 

K    Gravel  and/ or  cobble 

embedded  in  high  lime 

zone*5 

1.2 

2.2 

1.7 

-  2.7 

G    Gypsuma,  L  Marla  or 

soft  caliche 

1.2 

P    Sand,  J  Gravel  and/ or 

cobble  with  coarse 

texture 

.7 

1.3 

.5 

-  1.5 

A    Acid  Igneous,  B  Basic 

Igneous 

.0 

.0 

.0 

• 

E    Shales  consolidated,  F 

Limestone  and  Caliche 

.0 

.0 

.0 

9 

• 

M    Sandstone  consolidated. 

N  Sandstone  poorly 

consolidated 

.0 

.0 

.0 

9 

* 

a    L  and  G  have  field  capacities  similar  to  the  textural  class 
they  most  nearly  approach.    C,  poorly  consolidated  shales, 
have  readily  available  moisture  values  similar  to  H  for  the 
first  foot  and,  below  that,  they  are  similar  to  E. 

b  Apparently  most  of  the  K  mapped  is  similar  to  H;  however,  the 
one  detailed  study  made  at  Provo  indicated  that  it  was  not  as 
good  as  J. 

c    Surface  foot. 
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Our  field  data  show  that  there  is  a  very  sharp  drop  in  readily 
available  moisture  between  3  (medium)  and  U  (moderately  coarse) 
textures.    The  break  occurs  at  30  to  35%  silt  plus  clay.  Moder- 
ately coarse  textures  as  well  as  gravelly  fine  sandy  loams  (10- 
h$%  gravel  by  volume)  hold  an  average  of  1.2  inches  per  foot  of 
readily  available  moisture.    The  upper  limit  of  readily  availa- 
ble moisture  within  this  group  is  1.5  in/ ft  and  the  lower  limit 
is  1,0  in/ft •    5  (coarse)  textures  occupy  a  very  narrow  range 
from  .9  to  1.0  in/ft.    P  (clean  sands.)    J  (gravelly,  with 
coarse  textured  material,  and  medium  textured  material  contain- 
ing more  than  h$%  gravel  by  volume)  hold  approximately  0.7  in/ft 
of  readily  available  moisture.    Certain  geologic  materials  such 
as  A  (acid  igneous  bed  rock,)  B  (basic  igneous  bed  rock,)  etc., 
shown  in  Table  1  are  given  a  value  of  .0  since  these  materials 
inhibit  root  development.    In  conclusion,  eight  textural  separa- 
tions and  13  types  of  material  have  been  grouped  into  five 
different  readily  available  moisture  values. 

Volume  weight  appears  to  be  a  minor  factor  affecting  readily 
available  moisture;  at  least  insofar  as  it  affects  field  capac- 
ity when  expressed  as  inches  per  foot.    For  example,  the  average 
field  capacity  of  12  medium  textured  soils  (0  -  39%  silt)  was 
3.2  in/ft  when  the  average  volume  weight  was  1.35.    For  10  soils 
of  the  same  texture  but  with  an  average  volume  weight  of  1.62, 
the  field  capacity  was  almost  identical,  3.1  in/ft.  Similar 
field  capacity  values  were  observed  in  other  texture  classes  for 
soils  differing  widely  in  volume  weight.    Field  capacity  values 
within  textural  classes  were  independent  of  volume  weight  when 
expressed  on  a  volume  basis. 

Does  organic  matter  increase  the  amount  of  readily  available 
moisture?    In  terms  of  readily  available  moisture  expressed  in 
inches  per  foot,  organic  matter  is  similar  to  clay.  Likewise, 
it  has  a  high  percentage  of  unavailable  water.    Organic  matter 
tends  to  fluff  the  soil.    Accordingly,  on  a  percentage  basis, 
organic  matter  increases  the    percentage  of  moisture  held  at 
field  capacity  but  the  volume  weight  is  usually  less.    As  a 
result,  additions  of  organic  matter  usually  do  not  increase  the 
volume  of  readily  available  moisture  in  medium  to  fine  textures 
(6)  but  the  volume  of  readily  available  moisture  can  be  in- 
creased in  both  moderately  coarse  and  coarse  textured  soils  by 
the  addition  of  organic  matter. 

Quick  Estimates  of  Field  Capacity:    You  can  make  a  usable  esti- 
mate of  field  capacity  by  using  the  values  given  in  Table  1. 
Remember  that  field  capacity  values  are  expressed  on  an  oven  dry 
basis  and  consequently  include  moisture  that  is  not  readily 
available.    The  average  values  given  in  Table  1  should  be 


5 


adjusted  if  the  texture  is  approaching  another  textural  class. 
Individual  values  of  field  capacity  for  non-gravelly  soils  are 
shown  in  Figure  1.    Note  that  the  field  capacities  of  medium 
textured  soils  containing  more  than  $0%  silt  are  similar  to  mod- 
erately fine  textures.    You  can  interpret  €he  effect  of  the  per- 
centage of  gravel,  both  by  weight  and  by  volume,  upon  field 
capacity  in  Figure  2.    Medium  textured  gravelly  subsoils  con- 
taining more  than  U5$  gravel  by  volume  have  field  capacities  of 
less  than  1.5  inches  per  foot  and  are  therefore  included  with  J, 
gravelly  subsoils  with  light  textured  material.    Until  detailed 
soil  moisture  studies  are  made,  field  capacity  values  from  Table 
1  should  suffice. 


Field  Estimates  of  Readily  Available  Moisture 

How  much  moisture  is  in  the  ground  when  you  need  to  irrigate? 
For  most  row  crops,  you  do  not  need  to  irrigate  for  several  days 
when  more  than  half  of  the  available  moisture  is  present  in  the 
6-12  inch  depth.    In  contrast,  growth  has  slowed  up  and  you 
usually  need  to  irrigate  at  once  when  less  than  l/U  of  the 
available  moisture  is  present.    So  you  normally  plan  to  irrigate 
some  time  when  l/U  -  l/2  of  the  readily  available  moisture  is 
present  in  the  6  to  12  inch  depth.    Now,  if  you  can  estimate  the 
percent  of  readily  available  moisture,  you  can  also  estimate  how 
many  inches  of  water  are  needed  to  bring  the  root  zone  to  field 
capacity. 

The  Ball  test  appears  to  be  the  most  practical  of  the  several 
methods  tried  for  estimating  readily  available  moisture  in 
medium  to  fine  textured  soils.    Squeeze  the  ball  of  soil  three  or 
four  times  just  like  milking  a  hard  milking  cow  —  not  too  much, 
not  too  little.    If  the  soil  is  too  dry  to  form  a  ball,  you  have 
less  than  l/U  readily  available  moisture  but,  if  it  will  form  a 
ball,  you  have  at  least  l/U  readily  available  moisture.    If  the 
ball  stays  intact  after  tossing  it  five  times,  one  foot  into*  the 
air  and  catching  it  as  you  would  a  baseball,  it  is  durable  and 
you  have  more  than  l/2  available  moisture.    If  it  breaks  with 
less  than  five  throws,  you  have  l/U  -  l/2  readily  available 
moisture  present.    (Soils  with  less  than  V?%  clay  are  more  dif- 
ficult to  ball  than  those  with  higher  clay  contents.)  When 
medium  to  fine  textured  soils  approach  field  capacity,  they  be- 
come sticky.    You  probably  have  3/U  to  field  capacity  when  a 
thickness  of  l/5>0  inch  or  more  sticks  to  your  thumb  upon  squeez- 
ing the  ball.    At  field  capacity,  a  thin  film  of  moisture  will 
be  visible  for  one  or  two  seconds  on  your  finger  after  squeezing 
a  ball  of  soil.    (Note,  films  are  difficult  to  detect  if  you 
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have  handled  machine  oil.)    Heavy  films  of  moisture  indicate 
that  the  soil  is  appreciably  "above  field  capacity.    These  clues 
have  been  summarized  in  Table  2. 


Our  data  from  Arizona,  New  Mexico,  Utah  and  Colorado  indicate 
that  the  ball  test  deserves  widespread  trial  in  estimating 
readily  available  moisture. 

Table  2:    Correlation  of  readily  available  moisture  with  field 
clues  for  medium  to  fine  textured  soils  (tentative.) 


Available 
Moisture 

0  -  1/h 
1/h  -  1/2 
1/2  -  3/U 

3/h  -  F 


F  «■ 


Inches  of 

Clues  for  Medium  to  Fine  Soils 

Water  Needed 

Film  of  Moisture  on 

per  Foot 

Balls 

Clean  Finger 

2.1  -  1.5 

Will  not 

form 

None 

1.5  -  1.0 

Fragile 

None 

1.0  -  .5 

Durable, 

not 

.5  -  .0 

sticky 

None 

Durable , 

At  F  light  film  may 

usually 

evaporate  in  1  or  2 

sticky 

secondsa. 

.0 

Free  water  easily  visi- 

ble.   Film  may  stay  on 

finger  several  seconds. 

a.    In  a  semi-arid  climate. 


As  yet,  we  have  not  found  a  satisfactory  method  for  estimating 
readily  available  moisture  in  moderately  coarse  and  coarse  tex- 
tured soils.    In  both  textural  classes  you  can  usually  form  a 
ball  at  l/U  readily  available  moisture.    The  balls  often  remain 
fragile  even  at  field  capacity,  especially  in  the  coarse  textures. 
Here  the  amount  of  clay  is  quite  important.    Just  as  in  the  finer 
textures,  the  soils  become  harder  when  less  than  l/h  readily 
available  moisture  is  present. 

A  tiling  spade  is  sometimes  useful  in  estimating  the  amount  of 
readily  available  moisture  if  you  know  the  degree  of  compaction. 
For  example,  at  the  Albuquerque  Nursery,  in  soils  which  are  firm, 
the  tiling  spade  can  be  easily  shoved  in  by  hand  when  more  than 
one-half  readily  available  moisture  is  present  in  medium  to  fine 
textures.    When  l/h  to  l/2  readily  available  moisture  is  present, 
you  can  shove  the  spade  down  with  your  foot  but  it  requires  con- 
siderable strength.    At  moisture  contents  below  l/k  readily 
available  moisture,  the  average  person  has  to  jab  the  spade  in 
order  to  penetrate  the  soil.    In  compact  soils,  however,  even  at 
field  capacity,  you  have  to  jab  the  spade  in  order  to  penetrate 
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FIGURE  I  .  Relation  between  mechanical  analyses  and  field  capacity,  inches  per  foot, 
two  days  after  irrigation  (* )  surface  foot,  and  (■)  second  and  third  foot  on 
irrigated  lands  in  Arizona,  Colorado,  and  New  Mexico. 
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the  soil.    Thus,  the  tiling  spade  has  only  a  limited  value  for 
estimating  soil  moisture. 

Results  similar  to  those  obtained  with  the  tiling  spade  were  ob- 
tained with  a  penetrometer  equipped  with  a  200  pound  spring  and 
a  tube  from  an  Oliver  auger.    The  penetrometer  appears  to  have 
the  same  limitations  as  the  tiling  spade  for  estimating  readily 
available  moisture. 


Grouping  Soil  Units  by  Moisture  Use 

The  value  of  readily  available  moisture  used  in  Tables  1  and  2 
were  derived  from  the  surface  foot.    Owing  to  the  concentration 
of  roots  in  the  surface  foot  and,  to  some  extent,  to  evapora- 
tion, the  highest  values  of  readily  available  moisture  occur  in 
the  surface  foot.    Since  the  number  of  roots  usually  decreases 
with  depth,  especially  below  the  second  foot,  the  amount  of 
moisture  used  at  the  time  plants  begin  to  show  stress  also 
decreases  with  depth.    Thus  the  volume  of  water  used  to  maintain 
rapid  growth  will  vary  with  both  the  depth  of  soil  and  the  type 
of  root  system.    To  reduce  confusion,  we  will  use  the  terms  used 
by  Metcalf  (Part  IV,  Section  A,  Irrigated  Land,  Technical  Guide, 
Salt  Lake  City,  February  19£l.): 

MUD  «-    Moisture  used  during ,  maximum  growth  by  deep  rooted 
crops.    The  soil  moisture  is  at  field  capacity  to 
begin  with  and  goes  to  the  level  where  plants  show 
stress. 

MUS  -    Moisture  used  during  maximum  growth  by  shallow 
rooted  crops. 

CAM  -    This  value  represents  the  total  capacity  for 
available  moisture  in  a  given  profile. 

Actually,  MUD  represents  the  readily  available  moisture  used  by 
alfalfa  to  a  depth  of  five  feet.    MUS  represents  the  readily 
available  moisture  used  by  row  crops,  small  grains  and  grasses 
to  a  depth  of  three  feet.    Remember  that  these  figures  cannot  be 
precise  when  applied  to  farming  operations,  owing  to  variations 
within  soil  units,  climatic  differences  and  factors  affecting 
both  the  depth  and  density  of  rooting.    Therefore,  the  author 
prefers  the  term  rapid  growth  to  either  maximum  or  optimum 
growth. 

MUD  -  Moisture  used  during  rapid  growth  by  deep  rooted  crops 
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such  as  alfalfa: 

MUD  is  the  moisture  use  figure  that  is  used  along  with  other  fac- 
tors in  sub grouping  soil  units  and  determining  maximum  land  use 
capability.  MUD  is  calculated  for  the  0-5  foot  depth  using  the 
figures  shown  in  Table  3.  Note  that  most  of  the  moisture  is  used 
from  the  0-2  foot  depth.  Furthermore,  that  differences  in  tex- 
ture which  are  very  important  in  the  0-2  foot  depth  become  less 
important  below  that  depth. 

Table  3s    Moisture  use  values  for  alfalfa  expressed  in  inches  per 
foot  by  depth  for  different  textures  and  materials: 


Texture  or 

Moisture  Use 

(MUD) 

Materials 

0-1  * 

1-2' 

2-3' 

3-U' 

U-5' 

1,2,3,3 

2.1 

1.8 

0.9 

0.6 

0.6 

U,03,H,K,L,G,Ca 

1.2 

1.2 

0.6 

o.U 

o.U 

1.0 

1.0 

0.6 

o.U 

o.U 

P,J,03 

0.7 

0.6 

O.U 

0.2 

0.2 

A,B,E,F,M,N 

0.0 

0.0 

0.0 

0.0 

0.0 

a.      C  materials  below  the  upper  foot  in  which  they  occur 
should  be  included  with  E. 


If  either  the  subsoil  or  substratum  is  stratified,  use  one  of 
the  following  methods: 

a.  Quickie  method  -  use  the  dominant  texture  in 
each  foot. 

b.  Detailed  method  -  multiply  the  appropriate  value 
for  each  depth  in  Table  3  by  the  fraction  of  the 
foot  represented  by  that  texture  or  material. 

Examples  of  calculating  moisture  use  (MUD)  for  typical  profiles 
are  as  follows: 


Soil  Unit  33 Jl 

Soil 

Unit  U35l 

Soil  Unit  1UA3 

Depth 

Tex- 

MUD 

Depth 

Tex- 

HDD 

Depth    Tex-  HDD 

Feet 

ture 

Inches 

Feet 

ture 

Inches 

Feet     ture  Inches 

0-1 

3 

2.1 

0-1 

U 

1.2 

0-1       1  2.1 

1-2 

3 

1.3 

1-2 

1.0 

.6 

2-3 

3 

.9 

2-3 

.6 

lk  +       A  .0 

3  -  U 

3 

.6 

3  -  U 

$ 

.U 

2.7 

U  -  5 

J 

.2 

U  -  5 

$ 

.u 

£.6 

3.6 
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In  Figure  3  you  can  see  the  relation  between  MUD  values  and  the 
range  in  depth  to  inhibiting  layers.    This  helps  to  point  out  the 
limitations  of  the  shallow  soils.    For  example,  a  3UP3  could  vary 
from  3.1  to  3.8  inches  in  the  volume  of  moisture  use  by  alfalfa 
at  time  of  stress  (MUD)  owing  to  differences  in  depth  to  the  P 
material.    Further  study  of  Figure  3  shows  that  MUD  values  for  a 
33P3  soil  could  vary  from  3.3  to  U»3  inches.    Thus,  the  shallower 
33P3  soils  are  similar  to  3UP3>  whereas  the  deeper  33P3  soils 
(when  P  occurs  at  a  depth  of  18  inches)  are  similar  to  3UP2  in 
moisture  use.    In  mapping  soil  units  underlain  by  inhibiting  lay- 
ers. Figure  3  indicates  the  similarity  of  moisture  use  (MUD)  for 
many  soil  units. 

In  preparing  the  following  classes  of  moisture  use  as  a  guide,  • 
such  values  are  one  of  the  factors  in  determining  maximum  land 
use  capability  of  irrigated  lands: 

Moisture  Use  Class  (0  -  5' )       Maximum  Land  Use  Capability  Class 
(MUD)  Inches 

Excellent  5.0-6.0  I 

Good  U.O  -  5.0  II 

Fair  3.0  -  U.O  III 

Droughty  2.0  -  3.0  IV 

Very  Droughty  2.0  VI  and  VII 


For  example,  if  these  criteria  are  used,  soil  units  falling  into 
moisture  use  class  3.0  -  U.O  inches  would  never  have  a  maximum  land 
use  capability  class  higher  than  III.    Other  factors  might  change 
the  capability  class  downward  to  IV  or  even  to  VII.    Such  soils 
could  not  have  a  capability  class  of  either  I  or  II  owing  to  limi- 
tations of  moisture  capacity.    In  some  areas  where  the  climate  is 
either  cool,  as  in  the  high  mountain  valleys,  or  hot,  as  in  south- 
ern Arizona,  some  adjustment  upward  or  downward  may  be  needed. 

MUD  values  are  also  helpful  in  ae signing  irrigation  systems  to 
insure  adequate  penetration  and  high  irrigation  efficiencies  for 
deep  rooted  crops  such  as  alfalfa.    For  example,  you  would  plan 
to  irrigate  a  U5>5>1  soil  so  that  you  could  fill  the  soil  with 
four  inches  of  water  to  maintain  rapid  growth  of  alfalfa.  MUD 
values  indicate  the  average  depth  of  water  required  for  alfalfa 
per  irrigation  to  maintain  rapid  growth. 

MUS  -     Moisture  use  during  rapid  growth  by  row  crops,  small 
grains  and  grasses; 

MUS  values  are  helpful  in  showing  the  relatively  small  quantity 
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of  water  needed  to  fill  the  root  zone  when  those  crops  begin  to 
show  stress.    Most  row  crops  require  a  higher  moisture  level 
than  alfalfa.    You  can  see  in  Figure  3  that  from  2  to  3  inches  of 
water  will  fill  the  root  zone  of  most  row  crops  when  rapid  growth 
is  maintained.    MUS  values  are  based  on  the  0-3  foot  depth, 
assuming  that  the  effective  depth  has  been  brought  to  field 
capacity  prior  to  planting^.. 

In  the  case  of  potatoes,  celery  and  possibly  other  truck  crops, 
in  order  to  maintain  rapid  growth,  it  may  be  desirable  to  irri- 
gate when  even  less  water  has  been  used  by  the  crop  than  indi- 
cated in  Table  h-    The  primary  value  of  MUS  is  to  show  the  need 
for  designing  irrigation  systems  to  avoid  heavy  leaching  irriga- 
tions of  row  crops,  small  grains  and  pasture.    This  is  especially 
important  in  border  irrigation. 

Table  Us    Moisture  use  values  for  row  crops,  small  grains  and 
grasses,  expressed  in  inches  per  foot  by  depth  for 
different  textures  and  materials. 


Texture  or  Moisture  Use  (MUS) 

Materials  0-1'  1-2'  2-3' 

1,  2,  3,  3                a  l.U  0.9  0.9 

U,  03,  H,  K,  L,  G,  C  1.0  0.6  0.6 

5  0.8  0.6  0.6 

P,  J,  03  0.5  o.U  o.U 

A,  B,  E,  F,  M,  N  0.0  0.0  0.0 


a.     Except  for  the  first  foot  of  C  materials,  they  should  be 
included  with  E. 

To  calculate  MUS  values,  use  the  appropriate  value  for  each  tex- 
ture or  material  corresponding  to  the  depth  at  which  it  occurs, 
Table  U. 


2.      Note  that  the  values  used  in  Table  U  for  the  first  foot  are 
lower  than  those  used  by  Metcalf .    The  writer  furnished  the 
data  used  by  Metcalf  but  further  studies  indicated  that  the 
values  used  in  the  surface  foot  were  too  high  except  for 
grass  seed  production  prior  to  emergence  of  heads. 


CLASSES  OF  MOISTURE  USE  BY  SOIL  UNITS 
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11 


CAM  -  Total  capacity  for  available  moisture: 

CAM  is  useful  in  areas  of  water  shortage  where  crops  have  been 
forced  to  exhaust  the  available  soil  moisture,  also  in  many 
cotton  areas  where  the  cotton  is  allowed  to  exhaust  the  avail- 
able moisture  in  order  to  hasten  maturity.    CAM  values  are  help- 
ful in  designing  an  irrigation  system  where  such  practices  occur. 
They  are  calculated  from  Table  1.    To  calculate  the  CAM  value, 
use  the  readily  available  moisture  value  from  the  surface  foot 
and  multiply  by  the  depth  of  the  texture  that  you  wish  to  fill. 
For  soil  unit  3331>  it  would  be  2.1  x  5>  equals  10.5  inches  to 
bring  the  0-5  foot  depth  to  field  capacity.    If  you  have  soil 
units  with  horizons  of  different  textures,  always  use  the 
maximum  values  assigned  the  surface  foot  for  that,  texture  (i.e.) 
soil  unit  lliPl. 


Depth  Feet  Texture  In/Ft 

0-  1  1  2.1 

1-  2  h  1.2 

2-  3  h  1.2 
3  -  h  h  1.2 
k  -  $                    P  .7 


6.U  inches  required. 

There  is  a  possibility  that  the  CAM  value  for  certain  clays  may 
be  low.    However,  our  data  indicate  that  plants  fail  to  extract 
some  of  the  moisture  held  just  above  wilting  point.    This  may  be 
due  to  roots  being  less  abundant  in  many  clay  subsoils  and 
substrata. 

Consumptive  use:    In  planning  the  water  requirements  for  the 
entire  growing  season,  Blaney  and  Criddle  (2)  have  summarized 
consumptive  use  data  for  different  crops.    Thus,  one  can  calcu- 
late the  total  amount  of  water  required  for  each  crop  if  the 
ditch  loss,  surface  waste  water  and  deep  percolation  losses  are 
known.    The  annual  consumptive  use  coefficients,  K,  for  different 
crops  are  helpful  in  estimating  annual  consumptive  use. 

Unfortunately,  monthly  consumptive  use  coefficients,  k,  are  less 
well  established.    For  example,  the  k  values  tend  to  be  too  high 
for  a  row  crop  in  its  early  stages  of  growth.    Other  k  values 
need  to  be  more  firmly  established.    During  the  spring  months  at 
the  Albuquerque  Nursery  early  growing  grasses  had  a  k  value  of 
.87  whereas  the  warm  weather  growers  had  a  k  value  of  ,5U.  For 
the  western  states,  Blaney  and  Criddle  report  that  the  K  value 
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for  grass,  pasture  and  hay  is  .75.    If  you  need  to  know  how  much 
water  should  be  applied  for  a  given  irrigation,  consumptive  use 
values  should  be  supplemented  by  field  estimates  of  the  moisture 
required,  using  the  ball  test.    This  does  not  minimize  the  value 
of  annual  consumptive  use  coefficients  but  does  point  out  the 
need  for  more  work,  supplemented  by  soil  moisture  studies,  before 
trying  to  use  monthly  consumptive  use  coefficients. 


Temporary  Storage 

Definition:    The  volume  of  temporary  storage  is  equal  to  the  total 
pore  space  minus  field  capacity,  expressed  as  inches  depth  per 
foot  depth  of  soil.    We  are  concerned  with  the  volume  of  temporary 
storage  that  can  be  filled  during  either  an  irrigation  or  a  rain 
because  it  influences  the  depth  within  which  limiting  layers  can 
affect  intake  rates. 

For  practical  purposes,  total  pore  space  can  be  calculated  from 
volume  weight  data,  assuming  that  the  specific  gravity  is  2.65, 
using  the  following  formula: 

Total  pore  space    in/ft  «  (  i_  Volume  weight      )  x  12. 

(       Specific  gravity) 

Total  pore  space    in/ft  -  (  i  -    .377  volume  weight)  x  12. 

Degree  of  Compaction:    Since  the  degree  of  compaction  within  a 
textural  class  determines  the  volume  of  temporary  storage,  three 
degrees  of  compaction  are  shown  in  Table  £.    The  volume  weight 
limits  of  the  degrees  of  compaction  are  based  on  permeability 
data  from  2000  Uhland  core  samples  supplemented  by  irrigation 
intake  rates.    The  volume  weight  limits  of  compaction  are 
similar  for  fine,  moderately  fine  and  medium  textured  soils  con- 
taining more  than  h.0%  silt.    The  remaining  textural  classes  have 
separate  limits  of  compaction* 

Within  a  textural  class,  the  degree  of  compaction  determines  the 
volume  of  temporary  storage.    See  in  Figure  k  that  compacting  a 
clay  loam  from  a  volume  weight  of  1.25  to  l.$0  cuts  the  tempo- 
rary storage  in  half.    Since  the  volume  weight  of  the  surface 
soil  within  a  textural  class  is  determined  principally  by  till- 
age practices,  it  is  important  to  determine  the  range  of  mois- 
ture suitable  for  safe  tillage.    In  addition,  we  need  to  know  if 
subsoils  which  are  compact,  owing  to  processes  of  weathering  and 
deposition,  can  retain  increased  temporary  storage  if  they  are 
deep  tilled. 
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Table  5:    "Volume  weight  classes  listed  by  texture  and  degree  of 
compaction  for  non-gravelly  soils  (Tentative.) 

Degree  of  Compaction 


Texture 

Firm 

Moder?tely  Compact 

Compact 

1  Fine 

2  Moderately  fine 

-1.25 
-1.25 

1.26  -  1.15 
1.26  -  1.U5 

1.146* 
I.I46+ 

3    Medium  (hOU  silt) 
3    Medium  (0-39$  silt) 

-1.25 

-no. 

1.26  -  1.U5 
1.1-2  -  1.52 

1.U6* 
1.53* 

U    Moderately  coarse 
5    P  Coarse 

-1.U5 
-1.55 

1.U6  -  1.6U 
1.55  -  1.75 

1.6*. 
1,76* 

Interrelation  of  texture,  field  capacity  and  temporary  storage : 
Since  temporary  storage  is  equal  to  the  total  pore  space  minus 
field  capacity,  there  is  usually  much  less  temporary  storage  in 
fine  textured  soils  than  in  coarse  textured  soils.    This  is  true 
because  field  capacity  increases  with  fineness  of  texture  and 
because  total  pore  space  is  the  same  for  soils  with  similar 
volume  weights.    Study  Figure  5.    A  1  texture  has  but  .2  in/ ft 
temporary  storage  when  the  volume  weight  is  1.50,  whereas  a  5 
texture  has  3»6  in/ft  of  temporary  storage. 

How  much  temporary  storage  is  there  in  different  textures  by 
classes  of  compaction?    As  explained  on  Page  U,  we  found  that 
field  capacity  values  are  similar  for  different  degrees  of 
compaction  within  a  textural  class  when  expressed  on  a  volume 
basis,  in/ft.    Table  6  has  been  calculated,  using  average  field 
capacities  for  each  texture.    The  temporary  storage  in  a  firm, 
coarse  texture  (Table  6)  is  from  three  to  four  times  the  total 
volume  of  readily  available  moisture  (Table  1.)    Even  in  a  firm 
clay  loam,  the  temporary  storage,  2.3  in/ ft.,  may  exceed  the 
volume  of  unfilled  readily  available  moisture,  2.1  in/ft  at  time 
of  stress.    On  the  other  hand,  there  is  very  little  temporary 
storage  in  compact,  fine  textured  soils. 

"What  percenoage  of  temporary  storage  is  filled  during  average 
irrigations?    We  found  that  over  $0%  of  the  temporary  storage 
remained  filled  for  an  hour  on  medium  textured  soils  which  had 
intake  rates  in  excess  of  five  inches  per  hour.  Unfortunately, 
we  have  to  rely  on  other  sources  of  information  for  soils  with 
lower  intake  rates.    The  author  has  taken  many  soil  moisture 
samples  from  10  to  30  minutes  after  applying  the  second  two  inch 
storm  on  dry  farm  lands  with  an  infiltrometer  (5.)    At  that  time, 
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half  of  the  temporary  storage  remained  filled  in  soils  possess- 
ing an  average  intake  rate  in  excess  of  one  inch  per  hour.  In 
contrast,  80$  of  the  temporary  storage  remained  filled  in  soils 
possessing  average  intake  rates  appreciably  less  than  one  inch 
per  hour.    In  these  cases,  tillage  pans  were  the  limiting  lay- 
ers.   Undisturbed  cores  allowed  to  remain  overnight  in  a  tank  of 
water  have  been  found  to  have  practically  100$  of  the  temporary 
storage  filled.    Based  on  these  data,  90%  of  the  temporary 
storage  may  be  filled  above  a  limiting  layer  during  an  average 
irrigation  of  3  to  5  inches  of  water,  when  the  intake  rate  is 
less  than  one  inch  per  hour. 

Table  6:    Relation  between  temporary  storage,  texture  and 

degrees  of  compaction  expressed  in  inches  per  foot: 


Texture 

1  Fine 

2  Moderately 
fine 

3  Medium  (k0%4 
silt) 

3    Medium  (0  - 
39%  silt) 

k  Moderately 

coarse 
5>  Coarse 


Average  Field  Temporary  Storage 

Capacity         Firm    Moderately  Compact  Compact 


5.0 
U.o 

3.7 
3.2 


2.2 
1.6 


1.3* 
2.3* 

2.64 
2.U* 


3.2* 
3.U* 


0.U 


1.3 
2.3 


1.7  -  2.6 
1.9  -  2.U 


2.1*  -  3.2 
2.U  -  3.U 


.0  -  o.U 

.0  -  i.U 

.0  -  1.7 

.0  -  1.9 


.0  -  2.U 
.0  -  2.U 


Relation  between  temporary  storage  and  depth  to  limiting  layer ; 
By  determining  the  minimum  depth  required  to  hold  temporarily  a 
3  inch  irrigation,  we  can  estimate  the  depth  which  includes  the 
layers  affecting  irrigation  intake  rates.    In  Figure  6,  $0%  of 
the  temporary  storage  is  assumed  to  be  filled  during  an  average 
irrigation.    With  l/U  readily  available  moisture  present  prior 
to  irrigation,  a  three  inch  irrigation  could  be  temporarily 
stored  in  the  surface  foot  of  all  textures  which  are  firm.  Even 
compact  3,  k  and  5>  textures  could  hold  a  three  inch  irrigation 
within  the  surface  foot.    In  contrast,  compact,  moderately  fine 
and  fine  textures  require  appreciable  portions  of  the  second 
foot  to  temporarily  store  such  irrigations.    So,  layers  limiting 
intake  rates  from  three  inch  irrigations  appear  to  be  confined 
to  the  surface  foot,  except  in  compact,  moderately  fine  and  fine 
textures. 


COMPACTION  INCREASES  MARKEDLY  MINIMUM  DEPTH  REQUIRED  TO  HOLD  TEMPORARILY 
3-5  INCH  IRRIGATIONS  IN  MODERATELY  HEAVY  AND  HEAVY  SOILS. 


THREE  INCH  IRRIGATION 


SOIL  TEXTURE 
2  3         3  4         5  P 


SOIL  TEXTURE 
2  3  3  4  5  P 


Minimum 
depth  In 
feet  to 
temporarily 
hold  3" 
irrigation 


1/4  Available  Moisture 


Firm 


Compact 


 —  —  Compact 


3/4  Avoilable  Moisture 
 I  I  I  


Firm 


FIVE  INCH  IRRIGATION 


Minimum 
depth  In 
feet  to 
temporarily 
hold  5" 
irrigation 


1/4  Available  Moisture 


Firm 
Compact 


FIGURE  6.  Minimum  depth  of  soil  by  textural  groups  required  to  hold  temporarily   3  inch  and    5  inch  irrigations 
for  different  moisture  contents  and  compaction  classes. 
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Next,  let  us  calculate  the  minimum  depth  of  soil  required  to 
temporarily  store  a  five  inch  irrigation  when  l/h  readily  avail- 
able moisture  is  present.    Such  a  depth  could  be  stored  tempora- 
rily in  the  0  -  l£  inch  depth  of  medium  to  coarse  textures  when 
they  are  firm.    If  compact,  approximately  20  inches  of  these 
soils  would  be  required  to  temporarily  store  a  five  inch  irriga- 
tion.   In  contrast,  more  than  two  feet  of  compact  1  and  2 
textures  would  be  required.    Layers  limiting  the  intake  rate  of 
five  inch  irrigations  occur  principally  in  the  0-2  foot  depth. 

In  the  preceding  paragraphs  we  have  assumed  that  the  irrigations 
were  made  when  l/U  readily  available  moisture  was  present  but, 
occasionally,  irrigations  may  be  made  when  3/U  readily  available 
moisture  is  present.    In  compact  soils  at  this  moisture  content, 
fine  soils  require  a  minimum  depth  of  5>0  inches  to  temporarily 
hold  a  three  inch  irrigation.    Similarly,  20  inches  of  medium 
textured  soils  would  be  required  and  only  13  inches  of  a  coarse 
textured  soil  would  be  required,  Figure  6.    Soil  layers  affect- 
ing average  irrigation  intake  rates  would  occur  within  these 
depths.    In  firm  soils,  the  depth  required  to  temporarily  hold  a 
three  inch  irrigation  is  less  and,  accordingly,  limiting  layers 
affecting  irrigation  intake  rates  occur  within  a  shallower 
depth. 

Temporary  storage  values  can  also  be  used  to  estimate  the  volume 
of  water  to  be  drained  when  water  tables  are  present^    Table  6. 
For  example,  a  moderately  compact,  coarse  textured  soil  would 
contain  from  2,U  to  3.U  inches  per  foot  of  free  water.    In  con- 
trast, a  moderately  compact,  fine  textured  soil  would  contain 
only  0.U  to  1.3  inches  per  foot  of  free  water.    To  lower  the 
water  table  one  foot  would  result  in  draining  several  times  as 
much  water  from  the  coarser  soil. 

Conversely,  in  areas  where  water  tables  are  present,  temporary 
storage  values  can  be  used  to  illustrate  that  the  same  volume  of 
deep  percolation  from  over-irrigation  will  raise  water  tables 
faster  on  the  finer  textures  than  the  coarser  textures. 


Factors  Affecting  Irrigation  Intake  Rates 

Moisture  prior  to  irrigation;    Contrary  to  popular  belief,  a 
wide  range  in  moisture  present  prior  to  irrigation  was  a  minor 
factor  affecting  average  border  irrigation  intake  rates  (Figure 
7.)    Most  irrigations  are  made  when  the  readily  available  mois- 
ture in  the  surface  foot  varies  from  0  to  3/U.  Separating 
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intake  rates  by  percentages  of  available  moisture  present  in  the 
surface  foot  failed  to  indicate  that  differences  in  moisture  in 
this  range  affected  intake  rates  of  medium  to  fine  textured 
soils.    Two  explanations  are  offered:    Soils  which  crack  upon 
drying  usually  have  large  cracks  by  the  time  the  readily  avail- 
able moisture  is  reduced  to  3/U»    The  relatively  large  volume  of 
temporary  storage  in  many  soils  is  adequate  to  maintain  intake 
rates  so  that  differences  in  volume  of  readily  available 
moisture  are  minimized. 

At  readily  available  moisture  contents  above  3/U  however,  aver- 
age bcrder  irrigation  intake  rates  are  appreciably  reduced  in 
fine  textured  soils.    For  exanple,  at  the  Albuquerque  Nursery,  a 
clay  soil  was  irrigated  in  order  to  apply  phosphoric  acid  for  gras 
seed  production,  when  the  readily  available  moisture  in  the 
surface  foot  was  between  3/U  and  field  capacity.    The  average 
irrigation  intake  rate  was  .5  in/hr.    In  contrast,  the  average 
irrigation  intake  rate  was  1.8  in/hr  for  the  next  irrigation 
when  the  surface  foot  was  allowed  to  dry  to  0  -  l/U  readily 
available  moisture. 

We  just  concluded  that  the  range  of  0  -  3/U  readily  available 
moisture  in  the  surface  foot  was  a  minor  factor  affecting  aver- 
age irrigation  intake  rates  from  border  irrigations.  Likewise, 
differences  in  moisture  content  prior  to  irrigation  appear  to  be 
a  minor  factor  affecting  average  furrow  irrigation  intake  rates 
(Figure  8.)    Furrow  irrigation  infiltration  data  for  corn  re- 
ported by  Mech  (13)  indicate  also  that  differences  in  moisture 
content  prior  to  irrigation  were  minor  in  determining  intake 
rates. 

Compaction  within  a  textural  class :    Degree  of  compaction  of  the 
limiting  layer  in  the  surface  foot  is  one  of  the  most  important 
factors  influencing  intake  rates  within  a  textural  class  (Figure 
971    For  example,  at  the  Albuquerque  Nursery,  there  were  two 
clay  fields  which  were  border  irrigated  when  0  -  l/U  readily 
available  moisture  was  present,  the  cracks  at  the  surface  were 
fully  l/2  inch  wide.    One  field  was  compact;  the  intake  rate  was 
but  .2  in/hr.    The  other  field  was  moderately  compact  (approach- 
ing firm;)  the  intake  rate  was  1.3  in/hr.    Free-hand  curves  have 
been  drawn  in  Figure  9  showing  strong  trends  between  irrigation 
intake  rates  and  compaction  for  1,  2,  U,  03  and  $  textures. 

Border  irrigation  intake  rates  for  3  textured  soils  tilled  since 
the  last  irrigation  are  also  related  to  compaction  but  there  is 
little  correlation  for  such  soils  which  were  not  tilled  since 


Average  irrigation 
intake  rate,  in./hr_ 
3 


0-3/4  READILY  AVAILABLE  MOISTURE 
AFFECTS  SLIGHTLY  AVERAGE  INTAKE  RATES 
BORDER  IRRIGATION 


FINE  TEXTURES 


MEDIUM  AND  MODERATELY  FINE  TEXTURES 


EXAM  P  L  E 

Length  of  vertical  line  is 
proportional  to  average 
irrigation  intake  rate  1.2 
in /nr. 

Readily  available  moisture 
0-25% 

Limiting  layer  in  surface 
foot  compact  soil  unit 
3331 


Average  irrigation 
intake  rate,  in. /nr.. 


■  I 


•;0 - 2 5.*&:ft*2 5-50 ;•  5 0- 75 :!:#£*75-i00: 
.%  Readily  Available  Moisture  -  Surface  Foot 

•::V::(::::^-;^-^W^:vl:V:::x,.>:^       i  ■;::}: 


Figure  7.  Relation  between  average  irrigation  intake  rate  for  borders, compaction 
of  limiting  layer  in  surface  foot,  and  %  readily  available  moisture  in  surface  foot 
for  borders  irrigated  prior  to  last  tillage  by  soil  units  in  New  Mexico  and  Arizona. 
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last  irrigation.    This  may  be  chance,  since  the  compact  soils 
contained  more  effective  pores  than  the  firm  and  moderately 
compact  soils  within  this  texture  class. 

Furrow  irrigation  intake  rates  were  less  than  one  inch  per  hour 
on  unstable  J  textured  soils;  the  rates  decreased  as  compaction 
increased.    There  was,  however,  little  correlation  between  com- 
paction and  border  irrigation  intake  rates  on  the  5  textured 
soils  studied.    The  intake  rates  which  upset  the  relation  are 
from  a  soil  containing  UO%  silt,  the  dividing  line  between  3 
and  3  textured  soils.    Compacted  layers  within  the  surface  foot 
appear  to  be  one  of  the  most  important  factors  determining 
average  irrigation  intake  rates. 

Compaction  by  farm  machinery  may  reduce  intake  rates  markedly. 
For  example,  at  the  Albuquerque  Nursery,  soil  unit  lL|P3,  tall 
wheatgrass  in  3'  rows,  had  an  average  intake  rate  of  .9  in/hr  in 
19l|8  (Figure  10.)    In  the  spring  of  19U9  a  tractor  with  a  buck 
rake  was  used  to  remove  old  hay  following  a  series  of  light 
snows.    The  resulting  compaction  reduced  the  intake  rate  to  .2 
in/hr  in  19U9.    Chiseling  the  clay  soil  to  break  the  tillage  pan 
in  the  fall  of  19^9  failed  to  increase  the  irrigation  intake 
rates  in  19^0.    Furrow  intake  rates  as  low  as  .2  in/hr  have  been 
observed  also  in  compacted  sandy  loam  soils.    Compaction  caused 
by  farm  machinery  may  be  an  important  factor  in  reduced  irriga- 
tion intake  rates  and  the  cause  of  inadequate  penetration. 

Compaction  of  medium  textured  surface  soils  by  farm  machinery 
also  reduces  irrigation  intake  rates  (cover  page.)    A  field 
which  had  been  in  cotton  for  3  years  was  chiseled  and  plowed  in 
March.    In  this  rough,  cloddy  condition,  the  average  irrigation 
intake  rate  was  7.0  in/hr.    Following  6  cultivations,  the  intake 
rate  dropped  to  1.8  in/hr  for  the  next  irrigation  in  June.  Part 
of  this  decrease  is  attributed  to  compaction  caused  by  culti- 
vating when  the  soil  contained  more  than  l/2  readily  available 
moisture  (durable  balls.) 

Compaction  may  cause  slow  intake  rates  on  soils  normally  consid- 
ered highly  permeable,  such  as  gravelly,  medium  textured  soils. 
Near  Provo,  Utah,  we  studied  a  pear  orchard  on  .6%  slope,  soil 
unit  03JK3.    Owing  to  a  tillage  pan,  moisture  penetration  was 
inadequate  following  a  three-hour  furrow  irrigation.    The  intake 
rate  was  0.8  in/hr.    So,  be  careful  how  you  use  implements 
causing  compaction. 

Tillage  of  stable  soils :    Figures  8  and  9  show  that  tillage  of 
stable  soils  often  increases  the  average  irrigation  intake  rate 
as  compared  with  irrigations  on  areas  which  have  not  been  tilled 
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since  the  last  irrigation.    If  the  tillage  operation  does  not 
cause  appreciable  compaction,  intake  rates  of  medium  textured 
soils  following  tillage  are  often  an  inch  per  hour  faster  than 
that  of  succeeding  irrigations  without  tillage.    Tillage,  at 
moisture  contents  when  the  soil  will  not  make  a  durable  ball, 
usually  fluffs  up  the  soil,  increases  the  amount  of  temporary 
storage  and  increases  intake  rates,  but  tillage  at  moisture 
contents  when  the  soil  will  make  a  durable  ball  usually  creates 
a  tillage  pan  and  reduces  intake  rates. 

Tillage  of  unstable  soils;    Cultivating  a  badly  crusted  cotton 
field  when  the  surface  soil  would  make  a  fragile  ball,  increased 
the  average  furrow  irrigation  intake  rate  from  .39  to  ,hl  in/hr 
on  soil  unit  3221  A  near  Lordsburg,  New  Mexico.    Unstable  medium 
textured  soils  frequently  have  low  irrigation  intake  rates  even 
when  the  soil  is  dry,  rough  and  cloddy.    Under  these  conditions, 
the  average  furrow  intake  rate  was  .1±1  in/hr  at  Deming,  New 
Mexico,  for  a  12-hour  preplanting  irrigation  on  soil  unit  3331 
on  a  .2%  grade  (Figure  11.)    This  same  area,  in  June,  had  a 
furrow  irrigation  intake  rate  of  .08  in/hr  on  an  uncultivated 
portion  as  compared  with  .21  in/hr  on  a  cloddy,  cultivated 
portion.    The  cloddy  area  was  cultivated  three  days  after  an 
irrigation  when  the  soil  was  still  nearly  at  field  capacity. 
Little  compaction  occurred  as  a  result  of  this  cultivation, 
owing  to  the  high  moisture  content  partially  preventing  the 
rearrangement  of  soil  particles.    At  the  Albuquerque  Nursery, 
Figure  12,  uneven  filling  of  a  chiseled  unstable,  medium  tex- 
tured silty  soil  occurred  following  the  third  irrigation.  No 
tillage  had  occurred  since  chiseling  prior  to  the  first  irriga- 
tion.   Other  investigators  have  reported  reduced  rates  following 
tillage.    Differences  in  compaction  and  ease  of  pulverizing  at 
time  of  tillage  may  be  the  explanation.    In  general,  tillage 
does  not  affect  the  intake  rates  of  unstable  soils  in  terms  of 
inches  per  hour,  because  they  are  slow  anyway.    Practically,  till- 
age may  change  appreciably  the  time  required  in  hours  for  an 
adequate  irrigation.    For  example,  reducing  the  intake  rate  from 
O.U  in/hr  to  0.2  in/hr  will  double  the  time  required  for  water 
to  enter  the  soil. 

Field  method  for  estimating  volume  weights  of  1,  2_,  3_  and  3  tex- 
tures ;  A  satisfactory  method,  using  a  snow  tube  balance  was 
developed  in  19^1  >  for  estimating  volume  weights  of  medium  to 
fine  textures.  Volume  weight  data  are  useful  in  determining  the 
degree  of  compaction  in  different  layers  which  may  affect  intake 
rates  of  irrigation  trials.  On  the  spot  service  can  be  given  to 
determine  the  need  for  chiseling  and  the  proper  depth  of  chisel- 
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12  HOUR  IRRIGATION  FAILS  TO  FILL  UNSTABLE  SILTY  SOIL,. 2% 

VARIABLE  GRADE 


Date 
Soil  unit 
Area 

Furrow  Spacing 
Average  flow  per  furrow 


3/22/51 
3331 

102' x  630' 
36" 

17.2  g.p.m.  for  0-1.8  hrs. 
10. 8g. p.m. for  I.8-I2.0hrs. 


Depth  applied,  inches  7.1 
Waste  water ,  inches  1.0 
Average  irrigation 

intake  rate  ,  in/hr  .41 
Readily  available 

moisture  surface  foot  0-1/4 


Figure  II.  Preplanting  furrow  irrigation  trial  on  rough  cloddy  unstable  silty  surface 
soil,  .2%  variable  grade.  Second  season  in  cotton  following  two  years  of  alfalfa 
on  the  lower  three  fourths  of  the  area  and  five  years  of  pasture  on  the  upper 
fourth  of  the  area.  Oscar  Goldsmith  farm,  Deming  Soil  Conservation  District. 
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ing.    Likewise,  it  can  be  used  to  determine  if  adequate  compac- 
tion has  been  obtained  in  stock  tanks.    The  procedure  is  as 
follows: 

1.  Determine  the  texture  of  the  layer  to  be  sampled. 

2.  Determine  the  %  of  readily  available  moisture, 
use  Table  2. 

3.  Take  two  sets  of  3  Uhland  core  samples  in  each 
layer  sampled.    Trim  the  samples  to  known  volume, 
place  a  h-3/h  inch  square  of  muslin  over  bottom  end 
and  fasten  with  rubber  band. 

U.    Place  a  set  of  3  core  samples  immediately  in  a  round 
dinner  pail,  with  lid.     (Weight  of  3  empty  cylinders, 
cloths,  bands  and  pail  860  grams.) 

5.  Wei^h  the  pail  and  the  cores  using  a  Mt.  Rose  snow 
balance  designed  for  a  12-1/2  foot  snow  tube. 

6.  Enter  the  reading  of  the  balance  under  the  proper 
texture  and  %  of  readily  available  moisture  in  Table 
7  and  read  directly  the  average  volume  weight  for 
the  3  cores.    Average  the  volume  weight  values  for 
the  two  sets  of  cores. 

7.  If  the  texture  is  approaching  that  of  another  class, 
look  up  that  value  and  interpolate. 

To  find  the  volume  weight  of  a  fine  textured  soil,  using  Table  7i 

Texture  1: 

%  Readily  available  moisture  l/2 

Snow  tube  scale  reading  60.0 

Estimated  volume  weight  1.25? 

During  195>1 ,  l£8  comparisons  of  estimated  versus  actual  volume 
weight  were  made  in  widely  separated  areas  in  Utah,  Colorado, 
Arizona  and  New  Mexico.    In  most  of  the  areas,  the  author  had 
not  made  any  soil  studies  previously.    75%  of  the  samples  were 
estimated  in  the  field  within  .0£  of  the  oven  dried  volume 
weight.    There  was  little  difference  in  the  estimates  for  dif- 
ferent classes  of  moisture  except  those  samples  which  were  above 
field  capacity.    By  textural  classes,         of  the  fine  textured 
samples  were  estimated  within        of  the  oven  dry  volume  weight 
as  compared  with  69%  for  the  medium  textured  soils  containing 
less  than  h0%  silt.    Collaborators  estimated  volume  weights  as 
accurately  as  the  author • 
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Table  7i  Field  method  for  estimating  volume  weights,  by  texture  and  % 
of  readily  available  moisture,  using  snow  tube  balance  read- 
ings for  three  Unland  core  samples  in  a  pail: 


Texture  1 


Vol- 

% readily  available  moisture 

ume 

Wt. 

0 

1/2 
J-/  c 

3/U 

F 

1.10 

5i.i 

53.0 

5U.5 

56.0 

57.6 

1.15 

53.0 

5U.o 

56.  U 

57.9 

59.  U 

1.20 

5U.8 

56.7 

58.2 

59.7 

61.3 

1.25 

56.7 

58.5 

6o.o 

61.6 

63.1 

1.30 

58.5 

60.3 

61.8 

63.  U 

65.0 

1.35 

60.2 

62.2 

63.7 

65.2 

66.8 

l.Uo 

62.2 

6U.0 

65.6 

67.1 

68.6 

1.U5 

6U.0 

65.9 

67.U 

68.9 

70.5 

i.5o 

65.9 

67.8 

69.3 

70.8 

72.  U 

1.55 

67.8 

69.6 

71.1 

72.6 

7U.2 

1.60 

69.6 

71.  U 

73.0 

7U.5 

76,1 

1.65 

71.  U 

73.3 

7U.8 

76.3 

77.9 

Texture  2 


Vol- 

% readily  available  moisture 

ume 

Wt. 

0 

l/L 

1/2 

3/k 

F 

1.10 

U8.0 

U9.9 

51.1; 

53.0 

5U.5 

1.15 

U9.9 

51.7 

53.3 

5U.8 

56.U 

1.20 

51.7 

53.6 

55.1 

56.7 

53.2 

1.25 

53.6 

55.U 

57.0 

58.5 

6o.o 

1.30 

55.U 

57.2 

58.8 

6o.3 

61.8 

1.35 

57.3 

59.1 

60.6 

62.2 

63.7 

i.Uo 

59.1 

61.0 

62.5 

6U.0 

65.6 

1.U5 

61.0 

62.8 

6U.3 

65.9 

67.U 

i.5o 

62.8 

6U.7 

66.2 

67.8 

69.3 

1.55 

6U.7 

66.5 

68.0 

69.6 

71.1 

1.60 

66.5 

69.  U 

69.9 

71.5 

73.0 

1.65 

68.1. 

70.2 

71.7 

73.3 

7U.8 

Texture  5 

Vol-  %  readily  available  moisture 
ume 

Wt.       0  1/k  1/2     3/U  F 

l.io  U7.1  U9.0  50.5  52.0  53.6 

1.15  U9.0  50.8  52.3  53.9  56. U 

1.20  50.7  52.6  5U.2  55.7  57.2 

1.25  52.7  5U.5  56.0  57.6  59.1 

1.30  5U.5  56. U  57.9  59.U  61.0 

1.35  56. k  58.2  59.7  61.3  62.8 

1.U0  58.2  60.0  61.6  63.1  6U.6 

1.U5  60.0  61.9  63. U  65.0  66.5 

1.50  61.9  63.8  65.3  66.8  68. U 

1.55  63.8  65.6  67.1  68.7  70.2 

1.60  65.6  67. U  69.0  70.5  73.1 

1.65  67. U  69.3  70.8  72.U  73.9 


Texture  3 

Vol-  %  readily  available  moisture 
ume 

Wt.       0  1/U  1/2  3/U  F 

l.io  U5.6  U7.U  U9.0  50.5  52.1 

1.15  U7.U  U9.3  50.8  52.3  53.9 

1.20  U9.2  51.1  52.6  5U.2  55.7 

1.25  5l.i  53.0  5U.5  56.0  57.6 

1.30  52.9  5U.8  56. U  57.9  59.U 

1.35  5U.3  56.6  53.2  59.7  61.3 

l.Uo  56.6  53.5  60.O  61.6  63.1 

1.U5  58.5  60.3  61.9  63. U  65.0 

1.50  60. U  61.2  63.8  65.3  67.0 

1.55  62.2  6U.1  65.6  67.1  68.7 

1.60  6U.2  65.9  67. U  69.0  70.5 

1.65  65.9  67.3  69.3  70.3  72.U 
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Texture ;    Texture  alone  is  not  a  satisfactory  indication  of 
average  irrigation  intake  rates.    Figures  8  and  9  show  that  some 
fine  and  moderately  fine  textured  soils  have  average  irrigation 
intake  rates  similar  to  moderately  coarse  textured  soils.  There 
are  wide  variations  in  irrigation  intake  rates  within  all  tex- 
tural  separations.    The  widest  spread  in  values  occurs  in  medium 
textured  soils  containing  less  than  kO%  silt  and  the  narrowest 
spread  occurs  in  the  medium  textured  soils  containing  more  than 
h.0%  silt.    It  is  important  therefore  to  make  this  separation  in 
the  medium  textured  soils. 

A  20X  pencil  type  hand  lens  and  a  one  inch  square  Ronchi  ruling^, 
with  175  lines  per  inch  are  very  useful  in  estimating  the  per- 
centage of  silt  in  medium  texturea  soils.    Powder  a  pinch  of  dry 
soil  and  drop  the  soil  on  the  Ronchi  ruling;  examine  with  the  20 
power  pencil  type  hand  lens.     (Errors  have  been  made  in  estimat- 
ing the  percentage  of  silt  through  the  use  of  a  7X  lens.)  Silt 
particles  fall  entirely  between  the  lines  of  the  Ronchi  ruling 
since  the  spacing  between  the  thick  lines  is  .07  mm.    The  upper 
diameter  limit  of  silt  is  .05  mm. 

Preliminary  data  indicate  that  we  may  need  to  recognize  those 
medium  textured  soils  in  which  the  silt  fraction  consists  mostly 
of  coarse  silt  .02  -  .05  mm.    In  a  few  of  these  soils,  the  core 
rates  were  similar  to  medium  textured  soils  containing  less  than 
hP%  silt.    Additional  studies  are  needed. 

Effective  pores:    Effective  pores  are  determined  from  the  fol- 
lowing formula  which  was  derived  from  core  permeability  data 
(11): 

Effective  pores       No.  of  pores  No.  of  pores  larger 

per  square  foot  =    l/UO  -  1/20"  dia.  ♦  than  l/20"  dia. 

% 

The  number  of  pores  can  be  determined  either  from  clods  or  from 
cores  broken  in  half.    Probes  which  are  l/UO  and  l/20  inch  in 
diameter  respectively  are  used  to  determine  size  classes.  To 
avoid  counting  pits,  the  probes  are  inserted  at  least  l/8  inch 
into  the  pore  before  including  it  in  the  count.    Suitable  probes 
can  be  made  by  straightening  out  paper  clips. 


3.      Suggested  by  Milo  S.  James,  Survey  Supervisor. 
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Compact,  medium  textured  soils  had  average  irrigation  intake 
rates  in  excess  of  one  inch  per  hour  when  the  limiting  layer  in 
the  surface  foot  contained  21  or  more  effective  pores  per  square 
foot.    Medium  textured  silty  soils  containing  more  than  J,% 
organic  matter  and  more  than  21  effective  pores  per  square  foot 
also  had  average  irrigation  intake  rates  in  excess  of  one  inch 
per  hour.    Core  data  from  moderately  fine  textured  soils  indi- 
cate that  these  soils  also  would  have  intake  rates  in  excess  of 
one  inch  per  hour  if  21  or  more  effective  pores  are  present.  In 
contrast,  medium  textured  soils  containing  more  than  silt 
but  less  than  3%  organic  matter  appear  to  be  too  unstable  for 
the  "effective  pores"  to  change  appreciably  the  irrigation 
intake  rate. 

Stability:    If  we  include  stability  along  with  compaction, 
texture  and  effective  pores,  the  irrigation  intake  rates  of  many 
soils  can  be  predicted.    The  best  field  method  of  estimating 
stability  is  the  drop  test  (11.)    Select  a  lump  of  soil  1/8  to 
l/k  inch  in  diameter  and  record  number  of  drops  of  water  to 
slake  it.    Use  ordinary  dropper  bottle  and  water,  holding  the 
tip  of  the  dropper  about  one  inch  above  the  lump. 

Unstable  -  lumps  melting  with  10  drops  or  less. 

Moderately  stable  -  lumps  melting  with  11  to  25  drops. 
Stable  -  lumps  remaining  intact  after 

receiving  25  drops. 

This  test  should  be  used  when  less  than  half  of  the  readily 
available  moisture  is  present,  since  some  silty  soils  remain 
intact  when  the  moisture  content  is  higher.    Within  the  same 
class  of  texture  and  degree  of  compaction,  unstable  soils  have 
lower  intake  rates  than  stable  soils. 

Medium  textured  soils  containing  more  than  UO^  silt  which  are 
unstable  usually  have  average  irrigation  intake  rates  of  less 
than  .5  in/hr,  whereas  moderately  stable  soils  of  similar  tex- 
ture have  average  irrigation  intake  rates  approaching  one  inch 
per  hour.    Limited  data  indicate  that  unstable  silty  clay  loam 
soils  containing  more  than  2$%  two  micron  clay  tend  to  have 
higher  intake  rates  than  unstable  medium  textured  silty  soils. 

Why  should  silty  clay  loams  tend  to  have  higher  intake  rates 
than  silt  loams  and  loams  having  more  than  U0%  silt?    The  reason 
seems  to  be  that  silt  is  clogging  material  (9.)    In  the  medium 
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textures  containing  more  than  k0%  silt,  there  appears  to  be 
insufficient  clay  to  form  stable  aggregates.    Although  legumes 
and  grasses  give  temporary  improvement,  the  aggregates  are 
mostly  unstable  and  the  pores  soon  clog  with  silt.    In  contrast, 
the  pores  do  not  clog  as  readily  in  the  finer  textures  since  the 
higher  clay  content  can  aggregate  more  of  the  silt  particles 
(10.) 

Is  the  percentage  of  organic  matter  in  the  surface  soil  related 
to  intake  rates?    Nearly  all  of  the  soils  we  have  studied  have 
less  than  3%  organic  matter.    In  this  range,  it  appears  that 
organic  matter  is  a  minor  influence  and  other  factors  mask  any 
effect  it  may  have.    Limited  data  from  high  mountain  valleys  in 
Colorado  indicate  that  intake  rates  are  higher  when  the  percent- 
age of  organic  matter  exceeds  3%>    Since  these  soils  also  con- 
tain numerous  effective  pores,  it  is  difficult  to  evaluate  the 
effect  of  organic  matter. 

J.  A.  Ylilliams  has  found  that  the  percentage  of  dispersion  of 
silt  plus  clay  indicates  some  unstable  soils  which  ordinarily 
would  be  expected  to  be  stable,  based  on  the  percentage  of  .OO^mm. 
clay.    Medium  textured  soils  containing  more  than  h.0%  silt  and 
less  than  3%  organic  matter  usually  contain  more  than  d>0% 
dispersed  silt  plus  clay.    The  saturated  permeability  rates  of 
these  soils  is  usually  less  than  .5>  in/hr.    Such  soils  are 
unstable  and  occur  widely  in  southern  Arizona,  southern  New 
Mexico  and  alluvial  soils  throughout  Region  6.    The  dispersion 
of  silt  plus  clay  often  substantiates  the  drop  test  in  showing 
that  many  silty  soils  are  unstable.    Limited  infiltration  data 
from  both  the  high  plains  and  southeastern  Utah,  however, 
indicate  that  the  drop  test  may  be  more  reliable  than  dispersion 
of  silt  plus  clay  in  indicating  soils  with  slow  intake  rates. 
Additional  studies  are  needed. 

Low  dispersion  percentages  of  .005  ram.  clay  do  not  correlate 
consistently  with  satisfactory  intake  rates  since  the  clogging 
effect  of  the  silt  is  not  fully  evaluated,  but  high  dispersion 
values  of  ,005>  mm.  clay  are  usually  associated  with  alkali- 
affected  soils,  which  usually  have  low  intake  rates. 

Alkali ;    To  learn  more  about  the  factors  affecting  intake  rates 
on  alkali  affected  land  and  the  influence  of  amendments,  tenth 
acre  plots,  in  triplicate,  were  established  in  November  19U5  at 
the  Albuquerque  Nursery  on  soil  unit  J2P2  A^.    Three  treatments 
were  applied:    9  tons  of  gypsum  per  acre,  2  tons  of  sulfur  per 
acre  and  one  ton  of  sulfur  per  acre.    During  a  period  of  two 
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years,  irrigation  intake  rates  were  determined  from  five  inch 
irrigations.    Gypsum  gave  the  highest  and  most  uniform  intake 
rate,  approaching  one  inch  per  hour.    The  sulfur  plots  were 
extremely  variable  and  gave  rates  intermediate  between  the  check 
and  gypsum.    During  a  two  year  period,  the  intake  rates  on  the 
check  plots  slowly  decreased  to  nearly  .0. 

You  often  need  to  know  how  fast  unstable  alkali-affected  soils 
take  water .    Are  1:$  pH  values  and  percent  of  dispersion  of  five 
micron  clay  helpful?    Such  data  are  shown  in  Figure  13.  Irriga- 
tion intake  rates  were  less  than  #1  inch  per  hour  on  soil  unit 
32P2  A3  when  1:5  pH  exceeded  9»1.    For  pH  values  varying  from 
8.U  to  9*1  and  when  the  dispersion  percentage  of  five  micron 
clay  exceeded  30%,  irrigation  intake  rates  were  between  #1  and 
.2  in/hr.    Intake  rates  approached  or  exceeded  one  inch  per  hour 
when  the  percentage  of  dispersion  was  less  than  16  and  pH  values 
ranged  from  8,1  to  3.7.    The  use  of  both  gypsum  and  sulfur  on 
alkali  soils,  followed  by  leaching  irrigations,  increased  irriga- 
tion intake  rates  and  reduced  both  the  percentage  of  dispersion 
and  pH. 

Fireman  and  Madleigh  (7)  have  pointed  out  the  lack  of  correla- 
tion between  pH  and  exchangeable  sodium  in  degraded  alkali 
soils.    However,  such  soils  are  usually  dispersed.    H.  J.  Maker 
reports  that  some  marly  material  (L)  from  southeastern  New  Mexico 
has  1:5  pH  values  in  excess  of  9*0  but  both  exchangeable  sodium 
and  dispersion  are  low*    The  combination,  however,  of  1:5  pH 
values  above  9»0  and  high  percentage  of  dispersion  usually 
indicates  both  low  intake  rates  and  alkali  soils. 

Exchangeable  sodium  through  its  influence  on  both  stability  and 
swelling  does  influence  intake  rates.    In  general,  medium  to 
heavy  textured  soils  having  exchangeable  sodium  in  excess  of  lS% 
will  have  average  irrigation  intake  rates  of  less  than  .$  in/hr . 
On  a  regional  basis,  however,  exchangeable  sodium  is  not  direct- 
ly related  to  intake  rates.    Other  factors,  such  as  volume 
weight,  %  silt,  swelling  due  to  different  types  of  clays  and 
quality  of  water,  appreciably  modify  such  rates. 

Depth  of  water:    According  to  Darcy's  law,  permeability  is  pro- 
portional to  the  hydraulic  gradient*    The  average  irrigation 
intake  rate  should  increase  if  the  average  depth  of  water  is 
increased.    Typically,  the  average  depth  of  water  in  most  border 
irrigations  is  3  inches  when  the  water  is  shut  off  at  the  ditch. 
However,  depths  of  U  inches  often  occur  on  pasture,  alfalfa  and 
heavy  mulch  when  the  grade  is  less  than  .2%.    In  contrast,  the 
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depth  of  water  in  most  furrow  irrigations  is  one  inch  or  less  on 
grades  as  low  as  .2%.    The  depth  of  water  in  furrow  irrigations 
approaches  that  of  border  irrigations  in  flat,  level  areas. 
Thus,  on  the  same  soil,  on  sloping  land,  you  would  expect  higher 
intake  rates  from  border  irrigations  than  from  furrow  irrigations, 
but  factors  such  as  furrow  spacing  and  the  presence  of  effective 
pores,  preclude  the  direct  application  of  Darcy's  law.  Rowhrer 
also  found  that  ditch  losses  did  not  fit  Darcy's  law  (16.) 

Furrow  spacing;    Criddle  (3)  has  indicated  in  a  table  for  furrow 
spacing  that  a  flow  of  one  gallon  per  minute  per  100  feet  of  row 
would  have  an  intake  rate  of  .65  in/hr  for  18-inch  furrow  spac- 
inc  and  .32  inch  per  hour  for  a  36-inch  furrow  spacing.    It  does 
not  follow,  however,  that  doubling  the  number  of  furrows  doubles 
the  intake  rate  for  all  soils.    In  some  highly  permeable  soils 
which  sub  slowly  to  the  row,  you  could  double  the  average  intake 
rate  for  the  area  by  doubling  the  number  of  furrows.    On  the 
other  hand,  in  medium  textured  soils  underlain  by  a  tillage  pan, 
lateral  movement  of  moisture  soon  meets  the  moisture  from  the 
next  furrow.    Under  these  conditions,  doubling  the  number  of 
furrows,  say  from  a  36-inch  spacing  bo  an  13-inch  spacing,  would 
affect  intake  rates  relatively  little  after  the  first  hour.  Both 
speed  of  subbing  and  length  of  irrigation  as  well  as  furrow 
spacing  affect  average  furrow  irrigation  intake  rates. 

The  maximum  allowable  stream  per  furrow  or  corrugation  is  an 
additional  factor  influencing  intake  rates.    At  Eagle,  Colorado, 
intake  rates  from  erosive  flows  were  nearly  double  those  of 
allowable  flows  on  slopes  varying  from  5  to!9%*    On  these  slopes, 
maximum  allowable  flows  are  so  small  that  relatively  little  of 
the  soil  surface  is  covered  by  water.    Hence,  furrow  intake  rates 
are  much  below  the  capacity  of  the  soil  to  take  water. 


Predicting  Irrigation  Intake  Rates  from  Uhland  Cores 

Method;    In  our  first  determinations  of  permeability  rates  using 
saturated  Uhland  cores,  we  found  that  these  rates  were  much 
below  average  irrigation  intake  rates  for  the  same  area.  There- 
fore, we  determined  the  median  intake  rate  from  a  minimum  of  6 
cores  per  layer  (17)  for  both  the  first  and  second  hour  for  sam- 
ples taken  at  field  moisture.    Usually,  these  samples  were  taken 
just  before  our  irrigation  trial.    Now,  how  do  you  integrate  the 
core  intake  values  for  the  different  depths?    We  found  on  dry  farm 
lands  that  we  improved  our  estimates  of  intake  rates  by  consider- 
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ing  both  the  volume  of  readily  available  moisture  that  had  been 
used  by  plants  and  the  volume  of  temporary  storage  that  could  be 
filled  ($.) 

Predicted  average  irrigation  intake  rates  were  calculated  as 
follows : 


A.    The  median  core  rate  of  the  surface  soil  (l/2 
3-1/2"  depth)  during  the  first  hour  at  field 
moisture  was  used: 


1.  Until  the  surface  soil  above  the  tillage 
pan  or  subsoil  was  filled,  if  one  hour 
or  less  was  required. 

2.  If  the  surface  soil  was  not  filled  at  the 
end  of  one  hour,  then  the  second  hour 
median  core  rate  for  the  surface  soil  was 
used  until  the  surface  soil  was  filled. 


B.    The  core  rates  from  underlying  layers  were  used  in  a 
similar  manner  to  that  of  the  surface  soil  until  the 
total  depth  applied  during  the  irrigation  was 
accounted  for. 


Results:    In  Figure  lit,  a  perfect  correlation  between  actual  and 
predicted  average  irrigation  intake  rates  would  be  a  line  making 
a  \\S  degree  angle  with  the  base  of  the  graph,  with  zero  as  the 
starting  point.    There  is  a  reasonable  correlation  between  pre- 
dicted irrigation  intake  rates  and  average  irrigation  intake 
rates  derived  from  field  trials  for  both  border  irrigation  and 
furrow  irrigation.    Considering  the  small  area  represented  by  a 
minimum  of  six  cores,  three  inches  in  diameter,  as  compared  with 
the  area  studied  in  the  field  trials,  it  is  surprising  that 
there  is  not  more  variation.    Although  irrigation  intake  rates 
can  be  predicted  roughly  from  core  intake  rates  and  storage 
values,  the  direct  determination  of  irrigation  intake  rates 
yields  more  information  per  man  hour  spent. 

Core  intake  rates  have  been  very  helpful  in  locating  layers 
which  limit  irrigation  intake  rates.    Clues  developed  from 
these  core  studies  (11)  have  been  very  helpful  in  grouping  soils 
which  possess  similar  intake  rates.    Such  clues  are  compaction, 
h-0%  silt,  drop  test  and  the  number  of  effective  pores.  Further 
discussion  will  be  presented  in  a  separate  paper. 


USABLE  CORRELATION  BETWEEN  AVERAGE  IRRIGATION 
INTAKE  RATES  AND  0-2    HOUR  CORE  INTAKE  RATES 


Predicted 
Intake 
Rate 
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Figure  14.  Relation  between  predicted  intake  rates  from  Uhland  core  data  0-2  hours  and 
average  irrigation  intake  rates  for  border  irrigation  (•),  furrow  irrigation  (*)  by  soil 
units  in  Arizona,  Colorado  and  New  Mexico. 
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Grouping  Soils  by  Intake  Rates 

The  following  clues  for  grouping  soils  by  intake  rates  are  based 
on  the  texture  of  the  surface  soil,  the  compaction  and  number  of 
effective  pores  in  the  limiting  layer  in  the  surface  foot: 

Clues  to  Grouping  Soils : 

Border  Furrow 

Slow  Irrigation  Intake  Rates  -  0.0  -  1.0  in/hr    in/hr  in/hr 
Medium  to  fine  textured  soils  affected  by 

alkali  .0-     .$    .0-  .$ 

Medium  textured  soils  containing  more 
than  i}0$  silt,  not  alkali  but  usually  un- 
stable, 0  to  3%  organic  matter: 

Slake  with  less  than  10  drops  of  water  .0-  1.0    .0-  .5 

Require  more  than  10  drops  of  water  to  slake     .5-  1.0    .5-  1.0 

Compact  1,  2,  3  textures  containing  less  than 
21  effective  pores  per  square  foot  in  the 

limiting  layer  in  the  surface  foot  .0-  1.0    .0-  1.0 

Compact  k  and  03  textures  containing  less 
than  21  effective  pores  per  square  foot  in 

the  limiting  layer  in  the  surface  foot  -    -  -    .0-  1.0 

Moderate  Irrigation  Intake  Rates  -  1.0  - 
2.5  in/hr  may  be  Expected 

Firm  1,  2,  3  textures  1.0-  2.5  1.0-  2.5 

Moderately  compact  kf  5  and  03  textures 
containing  less  than  21  effective  pores 
per  square  foot  in  the  limiting  layer  in 

the  surface  foot  1.0-  2.5     -    -  - 

Medium  textured  silty  soils  containing 
more  than  3%  organic  matter  and  more  than 
21  effective  pores  per  square  foot  in  the 

limiting  layer  in  the  surface  foot  1.0-  2.5  1.0-  2.5 
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Border  Furrow 
in/hr  in/hr 


Moderately  compact  and  compact  2  and  3 
textures  containing  more  than  21 
effective  pores  per  square  foot  in  the 
limiting  layer  in  the  surface  soil 


1.0-  2.5      -  - 


Excessive  Irrigation  Intake  Rates  2,5  ♦ 

in/hr  (clean  irrigation  water)  may  be  expected: 


Firm  ij.,  5>  03*  03  textures 


2.5  + 


2.5  + 


Firm  to  loose  2  and  3  textures  first  irri- 
gation following  seedbed  preparation  (not 
to  be  used  in  grouping  soils) 


2,5  ♦ 


2.5  ♦ 


Are  all  irrigation  trials  satisfactory  for  determining  the  intake 
rate  class  for  a  soil?    No,  the  first  irrigation  of  the  season 
and  the  first  irrigation  following  a  major  tillage  operation 
such  as  plowing  or  disking  should  be  excluded.    Irrigation  intake 
rates  determined  from  these  conditions  are  often  two  or  more 
times  as  high  as  succeeding  irrigations.    Irrigation  intake 
rates  following  tillage  in  our  studies  were  higher  than  succeed- 
ing irrigations  without  tillage.    If  no  cultivation  occurs 
between  irrigations,  intake  rates  have  been  very  comparable  on 
the  samg  field  for  succeeding  irrigations. 


Efficiency  of  irrigation  is  the  percentage  of  the  water  applied 
to  the  field  which  is  retained  in  the  root  zone.  Efficiency  of 
irrigation  is  reduced  by  both  surface  waste  water  off  the  field 
and  by  deep  percolation  beyond  the  root  zone. 

Surface  waste  water :    You  can  eliminate  surface  waste  water  if 
you  hold  all  of  the  water  applied  on  the  area  irrigated.    At  the 
Albuquerque  Nursery,  the  average  irrigation  efficiency  was  Ql% 
for  21  border  irrigation  trials  without  surface  waste  water. 
The  grade  varied  from  »0  to  .3$.    The  surface  soils  were  medium 
to  fine  textured  and  were  underlain  by  sand  at  depths  of  from  20 
to  36  inches.    The  borders  were  planted  with  grass  in  rows  three 
feet  apart.    By  choosing  the  proper  length  of  run,  by  applying 
the  minimum  depth  of  water  required  to  cover  a  border  and  by 


Efficiency  of  Irrigation 
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ponding  the  water  on  the  lower  end  of  the  border,  surface  waste 
water  can  be  eliminated  on  grades  of  .0  to  ,2>%. 

On  slopes  steeper  than  .3%,  it  is  usually  necessary  to  waste 
water  in  both  border  and  furrow  irrigations  in  order  to  obtain 
adequate  penetration.    In  furrow  irrigation,  the  amount  of 
surface  waste  water  usually  decreases  as  the  intake  rate 
increases,  as  shown  in  Table  3. 

Table  8:    Influence  of  slope  and  intake  rate  on  surface 
waste  water,  21  furrow  irrigation  trials  in 
Arizona,  New  Mexico,  Colorado  and  Utah: 


Slope  Percent  of  Water  Wasted  by  Intake  Rate  Classes 

%  Slow  Moderate  Excessive 

.0  -  1.0  1.1  -  2.5  2.5  «• 

in/hr  in/hr  in/hr 


.0  -  .3 
.h  -  1.0 
1.1  -  3,0 


22 
2k 


1 
h 


Deep  percolation  losses  are  usually  serious  in  both  border  and 
furrow  irrigation  for  soils  which  have  moisture  use  values  (MUD) 
of  less  than  U  inches,  Table  ^»    You  would  expect  deep  percola- 
tion losses  to  decrease  as  the  moisture  use  capacity  increases. 
Table  9>  however,  shows  that  serious  deep  percolation  losses  are 
not  confined  to  soils  having  MUD  values  of  less  than  U  inches. 

Even  with  a  good  border  irrigation  layout,  you  may  have  serious 
deep  percolation  losses,  if  you  irrigate  when  the  soil  approaches 
field  capacity.    Under  these  conditions  we  measured  a  22%  deep 
percolation  loss  on  deep  soils  with  MUD  values  of  5.1  to  6.0 
inches.    For  these  soils,  the  intake  rates  were  less  than  one 
inch  per  hour.    To  avoid  these  losses,  you  need  to  know  how  to 
apply  the  depth  of  water  required  to  fill  the  root  zone  and  when 
to  apply  it. 

Even  with  a  good  furrow  irrigation  layout,  you  may  have  serious 
deep  percolation  losses  on  soils  with  intake  rates  in  excess  of 
2.5  in/hr,  if  the  flow  of  water  is  slightly  less  than  or  just 
equal  to  the  intake  rate  for  the  entire  set.    On  soil  unit 
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03HJ2  near  Provo,  Utah,  deep  percolation  losses  were  reduced  from 
$.2  inches  to  0.0  by  increasing  the  flow  per  furrow  from  22  g.p.m. 
to  35  g.p.m.    The  slope  was  and  the  furrows  were  360  feet 

long.  The  lower  rate  of  flow  was  approximately  equal  to  the .in- 
take rate  of  the  set,  hence  excessive  time  was  required  to  cover 
the  furrows. 

Table  9'    Relation  between  intake  rates  and  deep  percolation 

losses  by  MUD  classes  from  31  border  irrigations  and  21 
furrow  irrigations  in  Arizona,  Colorado,  New  Mexico  and 
Utah: 


Moisture 
Use  by 

Alfalfa  Average  Percentage  of  Water  Lost  by  Deep  Percolation 


(MUD)        Border  Irrigation  Intake  Rates 
Inches      .0  -  1.0    1.1  -  2.5      2.6  + 
0-5'        in/hr  in/hr  in/hr 

3.0  -3.9       12  21  3h 

U.O  -U.9        6  11  - 

5.0  -6.0       22  10  h 


Furrow  Irrigation  Intake  Rat 

2.6 


.0  -  1.0    1.1  -  2.5 

in/hr  in/hr 


35 
29 
3 


0 
12 
0 


in/hr 
3h 
0 
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Heavy  grass  mulches  increased  deep  percolation  losses  on  moderately 
deep  soils  at  the  Albuquerque  Nursery,  which  were  border  irrigated. 
With  a  mulch  present,  the  average  deep  percolation  loss  was  35f°j 
based  on  17  trials  from  k  fields.    After  removing  the  mulch  from 
these  fields,  the  deep  percolation  loss  dropped  to  based  on 

21  trials. 


The  minimum  depth  of  water  that  will  adequately  cover  an  area  is 
primarily  determined  by  the  intake  rate.    Figure  15  shows  that 
intake  rates  in  excess  of  2.5  in/hr  often  require  a  depth  of  ii  or 
5  inches  to  cover  borders  from  U00  to  600  feet  in  length  even 
when  large  flows  of  water  are  used.    Such  depths  of  water  result 
in  serious  deep  percolation  losses  on  soils  with  MUD  values  of 
less  than  U.O  inches.    Recognition  of  the  correct  intake  rate 
class  in  designing  the  irrigation  layout  is  essential  in  reducing 
deeo  oercolation  losses. 


Minor 


factors  determining  the  minimum  depth  of  water  applied  in 
border  irrigations  were:    Slope  varying  from  .0  -  .7%,  lengths 


♦ 
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of  border  varying  from  160  to  1260  feet,  flows  varying  from  .1  to 
1.3  c.f.s.  per  10  foot  width  of  border,  row  crops  versus  pasture 
and  alfalfa.    Although  these  factors  do  influence  the  minimum 
depth  of  water  applied,  they  all  appear  to  be  secondary  to  intake 
rate  for  the  areas  studied,  Figure  l£. 

Adequacy  of  penetration;    Unfortunately,  the  term  irrigation 
efficiency  does  not  evaluate  the  amount  of  unfilled  storage 
following  an  irrigation.    For  example,  we  made  an  irrigation 
trial  at  Roswell  which  had  nearly  100$  irrigation  efficiency  but 
there  was  dry  soil  at  a  depth  of  two  feet.    Thus,  irrigation 
efficiency  is  a  measure  of  the  water  held  in  the  root  zone  but 
does  not  necessarily  show  how  much  of  the  root  zone  is  brought  to 
field  capacity. 

Good  crop  production  is  dependent  in  many  areas  upon  filling  the 
root  zone  to  field  capacity  to  a  depth  of  five  feet  during  the 
preplanting  irrigation  and  to  three  feet  in  succeeding  irriga- 
tions.   Unless  you  can  afford  to  waste  surface  water,  it  is 
difficult  to  obtain  uniform  penetration  in  soils  with  intake 
rates  of  ,0  to  1.0  in/hr  without  leveling  to  grades  of  .00  to 
,05.    On  some  of  the  more  slowly  permeable  soils,  sufficient 
grade  and  leveling  to  prevent  prolonged  ponding  may  be  required 
to  prevent  scalding  damage  to  crops  such  as  alfalfa. 

Uniform  cross  grades  and  elimination  of  high  spots  are  especially 
important  on  soils  that  have  intake  rates  of  less  than  1.0  in/hr. 
Flat  leveled  borders  with  high  spots  of  #1  and  .2  feet  at  the 
Albuquerque  Nursery  have  required  from  .5  to  1.0  inch  more  water 
per  irrigation  than  similar  borders  without  high  spots.  Even 
with  this  additional  volume  of  wati      crops  showed  stress  earlier 
in  the  high  spots.    Yields  were  reduc  d,  owing  not  only  to 
inadequate  penetration  in  the  subsoil  but  also  to  more  severe  red 
spider  infestations.    The  highest  degree  of  leveling  is  required 
on  soils  with  intake  rates  of  .0  -  1.0  in7hr  in  order  to  obtain 
uniform  penetration  of  moisture  and  efficient  use  of  water. 

Efficient  use  of  water  and  satisfactory  penetration  have  been 
obtained  on  soils  with  intake  rates  of  1.1  to  -2. 5>  in/hr  by  level- 
ing to  grades  varying  from  .1  to  .3%.    Although  the  data  are 
preliminary,  uniform  cross  slopes  and  the  elimination  of  high 
spots  appear  to  be  more  important  than  whether  the  grade  is  .1 
or  ,2%.    On  moderately  deep  soils,  as  much  as  half  of  the  com- 
mercial nitrogen  applied  was  leached  out  of  the  root  zone  in  an 
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area  where  water  was  ponded  by  a  high  spot  in  border  irrigation. 
In  general,  satisfactory  penetration  can  be  obtained  on  soils  with 
intake  rates  of  1.1  to  2.5  in/hr,  using  less  refined  methods  of 
leveling  than  you  would  use  on  soils  with  slow  intake  rates. 

Grades  in  excess  of  ,3%  may  cause  inadequate  penetration  if  the 
borders  are  short  and  if  no  surface  water  is  wasted.  Inadequate 
penetration  occurred  in  a  ,6%  grade  in  the  upper  part  of  a  border 
36'  x  167 1  in  spite  of  a  flow  of  only  .7  c.f.s.,  when  muddy  water 
was  used  on  soil  unit  5UU1.    The  intake  rate  in  this  border  of 
alfalfa  was  1.7  in/hr.    The  border  length  should  be  increased  on 
this  coarse  textured  surface  soil  owing  to  the  use  of  muddy  water. 

Soils  with  intake  rates  in  excess  of  2.5  in/hr  do  not  need  to  be 
leveled  to  grade  as  carefully  as  soils  with  lower  intake  rates  if 
high  spots  are  eliminated.    Since  you  can  usually  irrigate  these 
soils  in  less  than  an  hour,  you  must  cover  the  entire  area  quickly 
if  you  are  to  obtain  uniform  penetration.    The  elimination  of 
high  spots  is  more  important  than  obtaining  a  uniform  grade. 

Irrigation  Layout 

Length  of  border:    Suggested  lengths  of  borders  are  presented  in 
Table  10  by  intake  rate  classes  and  the  moisture  use  by  alfalfa 
(MUD.)    This  tentative  table  has  been  developed  from  irrigation 
trials  (which  have  included  soil  moisture  samples)  to  determine 
uniformity  of  penetration  as  well  as  deep  percolation  losses. 
Using  the  lengths  of  border  suggested  for  specific  flows  of 
water,  you  should  obtain  irrigation  efficiencies  of  30%  and 
uniform  penetration  for  grades  of  ,0  -  »3%* 

Table  10:    Tentative  lengths  of  borders  for  high  irrigation  effi- 
ciencies and  uniformity  of  penetration  by  intake  rate 
classes  and  moisture  use  by  alfalfa  (MUD) : 

Moisture  use  by  Length  of  Border,  Feet 


Alfalfa  (MUD) 

Flow  per 

Average  Irrigation  Intake  Rate 

Inches  for 

10'  width 

.0-1.0  in/hr 

1.1-2.5  in/hr 

2.6*  in/hr 

5'  Section 

c.f .s. 

.0 

-  .1% 

.1    -  .3% 

1.  -  .356 

3.0  -  3.9 

.3  -  .6 

Uoo 

Uoo 

300 

3.0  -  3.9 

.9  -  1.2 

500 

500 

Uoo 

U.l  -  U.9 

.3  -  .6 

500 

1000 

600 

350 

U.l  -  U.9 

.9  -  1.2 

550 

800 

U5o 

5.0  -  6.0 

.3  -  .6 

600 

1320 

660 

Uoo 

5.0  -  6.0 

.9  -  1.2 

660 

880 

500 
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The  following  conditions  should  be  considered  in  using  Table  10: 

1.  Selection  of  correct  irrigation  intake  rate  class: 

a.    Determine  the  minimum  intake  rate  when  a  mature 
or  nearly  mature  crop  is  present.    Avoid  both 
the  first  irrigation  of  the  season  and  the  first 
two  irrigations  following  seedbed  preparation, 
since  these  conditions  often  give  intake  rates 
several  times  higher  than  later  irrigations. 
Avoid  irrigations  when  the  readily  available 
moisture  in  the  surface  foot  exceeds  3/U 
readily  available  moisture. 

2.  Selection  of  moisture  use  class  for  rapid  growth  of 
alfalfa  (MUD): 

a.  .  Determine  the  correct  MUD  value  for  the  soil 

unit  you  wish  to  evaluate  (Table  3.) 

3.0  -  3.9  inches  -  Three  inch  irrigations  are 

adequate  to  maintain  rapid 
growth  of  alfalfa.  Except 
on  soils  with  intake  rates 
of  less  than  1.0  in/hr,  it 
is  difficult  to  avoid 
leaching  irrigations  of 
row  crops. 

h*0  -  k»9  inches  -  Plan  to  use  from  k  to  5 

inches  of  water  per  irri- 
gation for  alfalfa  and 
from  2-1/2  to  3  inches 
for  row  crops. 

5.0  -  6.0  inches  -  Plan  to  use  5  to  6  inches 

of  water  per  irrigation 
for  alfalfa  and  3  inches 
for  row  crops. 

b.  Note  that  in  areas  of  water  shortage  and  also 
in  areas  where  cotton  is  allowed  to  exhaust  the 
available  soil  moisture,  you  may  need  to  plan 
to  apply  as  much  as  10  inches  of  water  to  fill 
the  0  -  5  foot  depth  of  the  soils  during  the 
preplanting  irrigation.    In  such  areas,  con- 
sider CAM  values  Page  11  in  designing  irriga- 
tion layouts. 
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Speed  of  irrigation;    Under  field  conditions,  how  much  faster 
can  you  irrigate  by  using  a  large  stream?    In  Figure  16,  the 
time  required  to  apply  h  inches  of  water  to  one  acre,  using 
borders  UO  feet  wide,  is  shown  in  hours  for  different  flows  of 
water.    By  doubling  the  size  of  stream  applied,  from  ,h  c.f.s. 
per  10  foot  width  to  ,8  c.f.s.,  you  may  reduce  the  time  required 
to  irrigate  one  acre  from  2.6  hours  to  1.3  hours.    The  curve 
shown  in  Figure  16  is  almost  identical  with  one  constructed  for 
80  border  irrigations  which  averaged  UO  feet  in  width.    If  you 
can  secure  high  irrigation  efficiency  and  uniform  penetration 
with  larger  flows,  you  can  sharply  reduce  the  cost  of  irrigating. 

Can  you  reduce  the  minimum  volume  of  water  applied  per  border  by 
increasing  the  size  of  stream?    Our  studies  show  that  by  using 
borders  £0  feet  wide,  which  were  flat  leveled,  we  could  reduce 
the  amount  of  water  applied  until  flows  exceeded  £e0  c.f.s.  (1.0 
c.f.s.  per  10  foot  width  of  border.)    Above  this  point,  the  av- 
erage irrigator  does  not  think  fast  enough  to  save  water,  although 
irrigation  time  per  acre  can  be  reduced  with  skilled  help. 

Maximum  allowable  stream  furrow  irrigation;    The  maximum  allow- 
able stream  per  furrow  which  can  be  used  without  causing  serious 
losses  of  topsoil  is  influenced  by  both  the  stability  of  the 
surface  soil  and  by  the  texture .    For  example ,  the  maximum 
allowable  flow  is  12  gallons  per  .rdnute  per  furrow  for  one  per- 
cent slopes,,  on  heavy,  moderately  heavy  and  unstable  medium 
textured  surface  soils  (Figure  17.)    In  contrast,  you  could 
safely  apply  I4O  g.p.m.  per  furrow  on  one  percent  slopes,  on 
stable,  medium  textured  soils  containing  less  than  k0%  silt, 
gravelly,  medium  textured  soils  and  moderately  light  textured 
surface  soils.    However,  where  these  soils  are  compact,  maximum 
allowable  streams  cannot  be  used  owing  to  inadequate  penetra- 
tion.   In  conclusion,  our  preliminary  data  show  that  at  least 
two  groups  of  soils  should  be  recognized  in  setting  up  the 
maximum  allowable  stream,  by  percent  of  slope. 
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